Coordinate Systems and
Datum Transformation in ArcGIS

Brittney White and Melita Kennedy
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What does a coordinate system tell us?
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Direction

Q: In which direction is the North Pole?




Direction

Q: In which direction is the North Pole?
A: It depends on the coordinate system.




Two Kinds of Horizontal Coordinate Systems




Geographic Coordinate System (GCS)

- 3D spherical surface

- Point P has:
- Longitude — 80° E
- Latitude — 50° N
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Geographic Coordinate System (GCS)
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Horizontal Coordinate System
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Two Ways to Specify a Coordinate System




Map Properties: Geog vs Proj

General

Extent
Current XY Details Current Z

u
Metadata

Coordinate Systems

Select the Coordinate System to view the available options.

o XY Coordinate Systems Available
Transformation

[ ]
Tllumination b Favorites
Labels 4 Layers

4 | Gcs WGs 1984 ¢

10 degree lines

SYS tems

D Enable wrapping around the date line







Height

- Q: How high is Mount Everest?
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Height

- Q: How high is Mount Everest?

- A: It depends on the vertical
coordinate system.
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Vertical Coordinate System (VCS)

- Defines the origin for height or depth
- Only vector data

----------------------------- , mean sea level




The Origin for Height or Depth

Earth’s sur



The Origin for Height or Depth




Gravity-Related Earth Model

- Geoid
- Equipotential surface of the earth’s gravity
- Complex shape

- Modeled with geoid height / undulation (N)













Datum vs. Vertical Datum

- Datum

- Ellipsoidal datum

- Ellipsoidal height (h)
- Vertical datum

- Gravity-related datum
- E.g. orthometric height (H)




Direction and Shift

- Direction
- axis direction is positive for heights or depths

- Vertical Shift

- parameter for a built-in offset from
the VCS definition







Projecting to a Different Coordinate System







Why are there so many map projections?

- Shape

- Area

- Direction
- Distance

geolographer.xyz




Web Mercator Projection
- Q: Which is bigger?
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Web Mercator Projection vs. Reality




hat Is most important to pre

- Shape
- Area
- Direction

- Distance




Preserve Shape

- Stereographic



Preserve Area

- Albers equal-area
conic




Preserve Direction
and Distance

- Azimuthal equidistant






Transforming Means Changing Datum

Earth’s surfa




Transforming Means Changing Datum
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Why do we need to transform our data?
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Why do we need to transform our data?
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Two Kinds of Transformations




Geographic (Datum) Transformation

| NAD1927 | ——

NAD 1927 To WGS 1984 1



Geographic (Datum) Transformation
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Defined for Certain Area

- 33 transformations:

'5 ._ _-
- .-II mﬁ!l

i-_:iiam




How do | find transformations?

1R

graphic Transfonmati

(ITRFOD)

Input Dataset or Feature Class
I E_Lines = |
Input Coordinate System (optional)

NAD_1983_StatePlane_North_Carolina_FIPS_3200_Feet

Output Dataset or Feature Class
C:\Users\anne2440\Documents\ArcGIS\Default.gdb\E_Lines_Project2

Output Coordinate System

I WGES_1984_Web_Mercator_Auxiliary_Sphere .
I_ aral)

nsformation (optional

WGS_IQ 4_ (ITRFO0)_To_NAD_1983

NAD_1983_To_HARN_North_Carolina + NAD_1983_HARN_To_WGS_1084_

NAD_ 1 3_To_HARN_North_Carolina + NAD_1983_HARN_To_WGS_1984_
3_To_HARN_North_Carolina + WGS_1984_(ITRFO0)_To_NAD_1983_HARN
_To_HARN_South_Carolina + NAD_1983_HARN_To_WGS_1984_2
_To_HARN_South_Carolina + NAD_1983_HARN_To_WGS_1984_3
_To_HARN_South_Carolina + WGS_1884_(TTRF00)_To_NAD_1983_HARN
3 To_WGS_1984 5
3_To_HARN_North_Carolina + NAD_19
3_To_HARN_South_Carolina + NAD_198
3_To_WGS_1984_4

I‘JAD_lQ‘i"_To_WGS_lQM_l

NAD_1927 To_NAD_1983_NADCON + NAD_1927 To_WGS_1984_79_CONUS

NAD_1927 To_NAD_1983_NADCON + NAD_1927 To WGS_1984 4

NAD_1927 To_NAD_1983_NADCON + NAD_1927 To WGS_1984 5

MAD_1983_To_HARN_North_Carolina + NAD_1983_HARN_PACPO0_MARPO0_To_WGS_1984

NAD_1983_To_HARN_South_Carolina + NAD_1883_HARN_PACPO0_MARPO0_To WGS_1984

2
3

83
3

HARN_To_WGS_1984
1984

_HARN_To_WGS_198-



Map Properties: Geographic Transformations

General Map XY coordinate system

Working with

Elevation Surface A
Details
Coordinate Systems

i Transformation : Choose the transformation to convert source coordinate systems to map coordinate system.

6 [ ]
XY Coordinate System Transformation e O r a h I C
GCS North American 1927 |NA INUS
GCS WG5S 1984
transformations




Vertical Transformation

- New In ArcGIS 10.4 and Pro 1.4

Parameters | Erwircnments

Input Dataset or Feature Class

_ ——

rdinate Systemn
- aoth Armerican_1983 /£ VCS:NAVD_ 1983
Vertical
Lesgrapnic Transfom
~WGS_1984_(ITRF00)_To_NAD_1983_2011 + ~NAD_1983_To_WGS_1984_1 + NAD_1983_To_NA) CONUS_GEQID12B_Height ~

NAD_ 1983 To NAVDS8S .
CONUS_GEOID12B_Height

Project | Geoprocessing




Vertical Transformation Methods
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ArcGIS (Pro) Coordinate Systems Data

- 1.5 GB additional data install

- GEOCON Vv1.0
- NAD 1983 HARN, NSRS2007, 2011

«NTVv2

- VERTCON
- GEOID12B

- EGM2008
-1"x1"and 2.5" x 2
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Now you understand...
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Unknown coordinate systems

- ALWAYS define the coordinate system
- Good professional practice - help your successor
- Units are unknown

- Map scale is incorrect

- Geodatabase tools can’t use default value



What if | don’t know my data’s coordinate
system?

- Check the data provider or source
- Check any existing metadata
- Similar data types

- What coordinate systems are used in the area?
- http://www.epsqg-reqgistry.org

- Try using ArcMap to figure it out
- http://esriurl.com/11518
- HowTo: Identify an unknown coordinate s

- Lining Up Data in ArcGIS by Marg



http://www.epsg-registry.org/
http://esriurl.com/11518

Familiarize yourself with common
coordinate systems

- Know what ones are used in the area
- Learn what the layer extents should be

San Diego, California

NAD 1983 X/ longitude Y / latitude

Geographic -116.67 ° 33°

UTM zone 11N 530,000 m 3,650,000 m
State Plane (California zone 6) 1,960,000 m 593,000 m







Resources

- Don't forget the Knowledge Base / Technical Articles!
- http://esriurl.com/11518

- Esri forums for user-to-user help
- http://geonet.esri.com

- http://www.epsg.org
- Database of coordinate systems & datums
- Guidance Note 7-2

Lining Up Data in ArcGIS, Mar


http://esriurl.com/11518
http://geonet.esri.com/

Please Take Our Survey on the Esri Events App!

Download the Esri
Events app and find

Select the session Scroll down to Complete Answers

your event

est] evanTs

Lole611,2017
Sa1Dienn 4

2017 Esri
Business Summit
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Esri
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Joly 15:14,20°7
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Schedule Q.
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BIM Import
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Add Reminder
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