Coordinate Systems in ArcGIS
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What does a coordinate system tell us?
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Distance

Q: How far is it from San
Francisco to Los Angeles?

352.34 miles

.'90.67 kilometers

620111.549 yards
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Q: How far is it from San
~rancisco to Los Angeles?
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A: It depends on the 3
coordinate system. "« CALIFORNIA
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Q: What are the coordinates
for Los Angeles?
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Direction

Q: In which direction is the North Pole?

-
.1e right

Can’t, not on the map




Direction

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

Can’t, not on the map




Two Kinds of Horizontal Coordinate Systems

Geographic coordinate system

Projected coordinate system



- 3D ellipsoidal surface

- Point P has:
- Longitude — 80° E
- Latitude — 50° N




Geographic Coordinate System (GCS)

90




Projected Coordinate System (PCS)

Y




Horizontal Coordinate System
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Two Ways to Specify a Coordinate System
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Well-Known ID (WKID)

Map Properties: Map

o view the available options.

- All predefined coordinate o oes oz

Clip Layers

systems have a WKID oo

Transformation -
o XY Coordinate Systems Available
Tllumination
4 Geographic coordinate sysf

Management

Coordinate m Details

Geographi rdinate system
WKID

Authority

Angular Unit

Prime Meridian

Datum

Spheroid

Semimajor Axis

Semiminor Axis

Inverse Flattening
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Well-Known ID (WKID)

- WKID < 32767: EPSG
- EPSG Geodetic Parameter Dataset
- http://www.epsg-registry.org/

Map Properties: Map
General ordinate System to view the available options.
Extent _ ) . _ _
Current XY Details Current Z

Clip Layers
Metadata WG5S 1984 Gabon TM 2011
Coordinate Systems
Transformation -

o XY Coordinate Systems Available
Tllumination

Labels

@ WGS 1984 Gabon TM
Color Management

Fnagemen - | wcs 1984 Gabon TM 2011
@ WGS 1984 TM 12 SE

R WG5S 1984 TV 36 SE

Coordinate System Details

Projected Coordinate Systemn WG5S 1984 UTM Gabon TM 2011
Projectic Transverse Mercator

WKID 5523

Authority EPSG

Linear Unit

False Easting

False Morthing

Central Meridian

Scale Factor

Latitude Of Onigin


http://www.epsg-registry.org/

= =

Well-Known ID (WKID)

Map Properties: Map

. WKID < 32767: EPSG

- EPSG Geodetic Parameter Dataset et

Transformation

- http://www.epsqg-reqistry.org/

Labels 4 N E"."E_i o

XY Coordinate Systems Available

Colar Management G NAD [2011) Navajo Nation Coordinate Systemn (Intl Feet)
011 Mavajo Mation rdinate System (Meters)

. i NAD 011} Mavajo Nation Coordinate System (US Feet)
- WKID > 32767: E roordi -
> . Srl Coordinate System Details

Projected Coordinate System MAD (2011) Mavajo Mation Coor... =
Projectio Lambert Conformal Conic

WKID 103592
Authority Esri

Limear Unit Meters (1.0)
False Easting

False Northing

Central Mendian

Standard Parallel 1

Scale Factor

Latitude Of Crigin



http://www.epsg-registry.org/

Well-Known ID (WKID)

Map Properties: Map

General Select the Co

. WKID < 32767: EPSG e ——————

Clip Layers
Metadata

- EPSG Geodetic Parameter Dataset et

Transformation

- http://www.epsqg-reqistry.org/

Labels Favorites

XY Coordinate Systems Available 102100

Color Management Layers
Geographic coordinate systen

4 Projected coordinate system

e WKID > 32767 ESI’i Coordinate System Details

Projected Coordinate Systemn WG5S 1984 Web Mercator Auxiliary Sp...
Projection Mercator Auxiliary Sphere
WEID 1857
Previous WKID 102100
- Any WKID may change o
Authority EPSC

Linear Unit Meters (1.0
False Easting 0.0
False Northing 0.0
Central Meridian 0.0
Standard Parallel 1 0.0

Auxiliary Sphere Type 0.0



http://www.epsg-registry.org/

Well-Known Text (WKT)

GEOGCS["GCS_ETRS_1989",
DATUM["D_ETRS_1989", Geographic

I coordinate
system



Well-Known Text (WKT)

PROJCS["ETRS 1989 UTM_Zone 32N",
GEOGCS["'GCS_ETRS_1989",
DATUM["'D_ETRS 1989",
SPHEROID["GRS_1980",6378137.0,298.257222101]],

i Proj
PRIMEM[" Greenwich",0.0], cogjr%(i::g:e
UNIT[" Degree",0.0174532925199433]],
system

PROJECTION[" Transverse_ Mercator"],
PARAMETER["False Easting",500000.0],
PARAMETER]["False_Northing",0.0],
PARAMETER["Central _Meridian",9.0],
PARAMETER["Scale Factor",0.9996],
PARAMETER]["Latitude Of Origin",0.0],
UNIT[" Meter",1.0]]




Universal Transverse Mercator (UTM)

- Series of projected coordinate systems

Area of Use world

Zones 60 zones, 6° wide
Projection transverse Mercator

Scale Factor 0.9996

Central Meridian [ (#zone — 0.5) X 6 — 180] °
False Easting 500 000 m

False Northing O m or 10 000 000 m

for southern hemisphere



Universal Transverse Mercator (UTM)
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Gauss-Kruger (GK)

- Series of projected coordinate systems

Area of Use countries in Europe & Asia
Zones 3° or 6° wide zones
Projection transverse Mercator

Scale Factor 1.0

Central Meridian [ (#zone — 0.5) X width ] ©
False Easting 500 000 m or

[ (#zone + 0.5) X 10%] m
False Northing Om



Gauss-Kruger (GK)

- Series of projected systems 6° wide




6° Wide Zone Along Meridian 15° East

UTM
Zone 33 N
Central Meridian IS2HE
Scale Factor 0.9996

False Easting 500 000 m
False Northing Om

30 31 32 33 34




6° Wide Zone Along Meridian 15° East

UTM
Zone 33 N
Central Meridian IS2HE
Scale Factor 0.9996
False Easting 500 000 m

False Northing Om

30 31 32 33 34

(€]¢
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15° E

1.0

3 500 000 m
Om




State Plane Coordinate Systems
- Projected CS in US

- Each state has 1 or
more zones

- Defined on
- NAD27
- NADS83 variants




State Plane Coordinate Systems

- Projections

- Lambert conic
- Transverse Mercator
- Obligue Mercator

- Expected also for
NATRF 2022




Define Projection Tool

- Overwrites the coordinate system
Info of a dataset

- When It 1Is unknown or incorrect

arcpy
infc = r"C:\data\My_Data.shp"

arcpy.DefineProjection_management(infc, sr)

sr = arcpy.SpatialReference("NAD 1983 UTM Zone 11N")

Geoprocessing

vorites | Toolboxes | Porta
r"-lLI".f_'-lE’C

2 Photos
2 Projections and Transformations

F_a
a Raster

,E_r Batch Project :
i L Geoprocessing
Convert Coordinate N
Create Custom Geogrd (€) Define Projection
Create Spatial Referen )

Parameters | Environments
Define Projection

* Input Dataset or Feature Class

* Coordinate System




Buildings Layer -

W = Map of the
s - = Gaslamp Quarter

g Fuatiaye e S Fixing coordinate system definitions...




Vertical Coordinate Systems

Ellipsoidal and Gravity-related



Height

Q: How high is Mount Everest?

. , 8305 m
8847 m
?lEVMPJ»SMLHmﬁmﬁ Somolangma)

50 m
e N\\
‘: A‘ \

8844.43 meters N 0 Yo\

“ 29029 feet

29017.16 feet i

BARUN




Height

Q: How high is Mount Everest?

A: It depends on the vertical
coordinate system.

m
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Vertical Coordinate System (VCS)

- Defines the origin for height or depth

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



The Origin for Height or Depth

Earth’s surface

Geometric model



The Origin for Height or Depth
f_\/\\-Earth’s surface

Geometric model /

Gravity-related model \/

< Ny

N



Gravity-Related Earth Model

- Geoid
- Global representation of mean sea level
- Complex shape
- Modeled with geoid height / undulation (N)













Datum vs. Vertical Datum

- Datum

- Ellipsoidal datum

- Ellipsoidal height (h)
- Vertical datum

- Gravity-related datum
- Gravity-related height (H)

-----
-
-
mm®
“



Direction and Shift

- Direction
- axis direction is positive for heights or depths

- Vertical Shift

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




Well-Known Text and ID

- WKT:
VERTCS["NAVD_ 1988",
VDATUM["North_American_Vertical_Datum_1988"], Vertical
| coordinate
, system

- WKID: EPSG:5703



Map Projections

From a Spheroid to a Plane

I

L
{0
e

)




Projecting to a Different Coordinate System







Map Projections in Esri Software

Aitoff

Albers
Aspect-adaptive
Azimuthal equidistant
Behrmann

Berghaus Star

Bonne

Cassini

Compact Miller
Craster parabolic
Cube

Cylindrical equal-area
Double stereographic
Eckert |

Eckert Il

Eckert Il

Eckert IV

Eckert V

Eckert VI
Eckert-Greifendorff

Equal Earth

Equidistant conic
Equidistant cylindrical
Fuller

Gall stereographic
Gauss-Kruger
Geostationary satellite
Gnomonic

Goode homolosine
Hammer

Hotine oblique Mercator
IGAC Plano Cartesiano
Krovak

Laborde oblique Mercator
Lambert azimuthal equal-area
Lambert conformal conic

Local

Loximuthal
McBryde-Thomas flat-polar quartic
Mercator

Miller cylindrical

Mollweide

Natural Earth

Natural Earth Il

New Zealand map grid

Ney modified conic
Orthographic

Patterson

Peirce quincuncial

Plate Carrée

Polyconic

Quartic authalic

Rectified skew orthomorphic
Robinson

Sinusoidal

Stereographic

Times

Transverse cylindrical equal-area
Transverse Mercator

Two point equidistant

Van der Grinten |

Vertical near side perspective
Wagner IV

Wagner V

Wagner VII

Winkel |

Winkel Il

Winkel Tripel



Map Projections in Esri Software

Aitoff

Albers
Aspect-adaptive
Azimuthal equidistant
Behrmann

Berghaus Star
Bonne

Cassini

Compact Miller
Craster parabolic
Cube

Cylindrical equal-area
Double stereographic
Eckert |

Eckert Il

Eckert Il

Eckert IV

Eckert V

Eckert VI
Eckert-Greifendorff
Equal Earth
Equidistant conic
Equidistant cylindrical
Fuller

Local

Loximuthal

McBryde-Thomas flat-polar quartic
Mercator

Miller cylindrical

Mollweide

Hotine Oblique Mercator Azimuth Center
Hotine Obliqgue Mercator Azimuth Natural Origin
Hotine Oblique Mercator Two Point Center

Hotine Oblique Mercator Two Point Natural Origin

Hotine Oblique Mercator

IGAC Flano Cartesiano
Krovak

Laborde oblique Mercator
Lambert azimuthal equal-area
Lambert conformal conic

Plate Carree

Polyconic

Quartic authalic

Rectified skew orthomorphic
Robinson

Sinusoidal

Stereographic

Times

Transverse cylindrical equal-area
Transverse Mercator

Two point equidistant

Van der Grinten |

Vertical near side perspective
Wagner IV

Wagner V

Wagner VI

Winkel |

Winkel Il

Winkel Tripel



Every Map Projection Deforms Something

- Shape

- Area

- Direction
- Angle

- Distance

lllustration by Charles Preppernau, geolographer.xyz



Web Mercator Project
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Web Mercator Projection vs. Reality




Selection

Q: Which projection is the best?

Albers equal-area

ltereographic

Transverse Mercator




Selection

Q: Which projection is the best?

A: It depends on what you are
doing.

Albers equal-area

ltereographic

Transverse Mercator




Preserve Areas

- Albers conic
equal-area




Preserve Angles

- Stereographic
- Only at infinitesimal scale




Preserve Directions
and Distances

- Azimuthal equidistant
- Only from the center




Appropriate for World Maps

- Pseudocylindrical

- Equal-area
(thematic maps)

Equal Earth ' Eckert IV



Appropriate for World Maps

- Pseudocylindrical

- Equal-area
(thematic maps)

Equal Earth ' Eckert IV

- Compromise
(general maps)

NVYANRERN Robinson _ :



Appropriate for Hemisphere Maps

- Azimuthal projections
- Stereographic
- Azimuthal equidistant
- Lambert equal-area
- Orthographic

el = N Lambert azimuthal equal-area Orthographic

+ 730((



Appropriate for Large-scale Maps

- Azimuthal
- Polar areas




Appropriate for Large-scale Maps

- Azimuthal
- Polar areas

- Conic
- Mid-latitudes




Appropriate for Large-scale Maps

- Azimuthal
- Polar areas

- Conic
- Mid-latitudes

- Cylindrical

- Equatorial areas




Appropriate for Large-scale Maps

- Azimuthal
- Polar areas

- Conic
- Mid-latitudes

- Cylindrical

- Equatorial areas

- Transverse cylindrical
- North to south extents




Appropriate for Topographic Maps

- Transverse cylindrical
- Transverse Mercator
- Transverse cylindrical equal-area
- Cassini

Transverse Mercator,
used in UTM, State Plane, etc.




Project Tool

- Projects spatial data from one
coordinate system to another

- Changes data’s coordinates

Geoprocessing

Find Tools

Favorites | Toolboxes | Porta
1 -_— r'_'-lLI".f_'-lE’C

I E" Photos

e ﬁ" Projections and Transformations

b &a Raster .

. Geoprocessing

EJ' Batch Project F 9
Convert Coordinate Notat]| (€) Project

Create Custom Geographit :
. Parameters | Environments
Create Spatial Reference

" @Input Dataset or Feature Class

Define Projection

-
* Output Dataset or Feature Class

. & .

input
output
out_cs

arcpy

r"C:\data\My Data.shp"
r"C:\data\My Data Project.shp”

arcpy.SpatialReference("NAD 1983 UTM Zone 11N")
arcpy.Project _management(input, output, out cs)

* QOutput Coordinate System

Geographic Transformation

|:| Preserve Shape




What is happening when we project data?

- Case 1: Both PCSs contain the same GCS

(X, y)

PCS Al

GCS A

PCS A2

(lon, lat)
(A, @)

(X, y)



What is happening when we project data?

- Case 1: Both PCSs contain the same GCS

(X, y)

PCS Al

Unproject \

GCS A

PCS A2

(lon, lat)
(A, @)

(X, y)



What is happening when we project data?

- Case 1: Both PCSs contain the same GCS

(X, y) PCS Al PCS A2

Unproject \ {oject

(lon, lat)
GCS A A 0)

(X, y)



What is happening when we project data?

- Case 2: Each PCS contains a different GCS

(X, y) PCS Al PCS B2 (X, y)
(lon, lat) (lon, lat)
A 0) GCS A GCS B A 0)




What is happening when we project data?

- Case 2: Each PCS contains a different GCS

(X, y) PCS Al PCS B2 (X, y)
Unproject

(lon, lat) (lon, lat)

A 0) GCS A GCS B A 0)




What is happening when we project data?

- Case 2: Each PCS contains a different GCS

(X, Y) PCS Al PCS B2 (X, y)

Unproject

Geographic (Datum)
Transformation

(lon, lat) GCS A | GCS B (lon, lat)
(A @) (A, @)




What is happening when we project data?

- Case 2: Each PCS contains a different GCS

(X, y) PCS Al PCS B2 (X, y)
Unproject Project 1
l Geographic (Datum)
(lon, lat) Transformation (lon, lat)
GCS A L — GCS B
(A @) (A, @)




Datum Transformations

Geographic and Vertical



Why do we need to transform our data?




Why do we need to transform our data?

B
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Transforming Means Changing Datum

Earth’s surface

Earth-centered datum (WGS 1984)



Transforming Means Changing Datum

A

Earth’s surface

Earth-centered datum (WGS 1984)

e o 2050




Two Kinds of Transformations

Geographic (datum) transformation

Vertical transformation



Geographic (Datum) Transformation

- Between two geographic coordinate systems:

—
ED 1950 To WGS 1984 1

WGS 1984




Geographic (Datum) Transformation

- Between two geographic coordinate systems:

ED 1950 To WGS 1984 1

|
M

~ED 1950 To WGS 1984 1



Defined for Certain Area

- Multiple transformations
- Various areas, extents
- Different accuracies

24 transformations



How do | find transformations?

Input Dataset or Feature Class

I E_Lines A=} |

Parameters Input Coordinate System (optional)

F L " )
{.
Input Dat r Featu 53 LY NAD_ tatePlane_Nort olina_FIPS _Feet

E1 lires

Output Coordinate System

WGS_1984_Web_Mercator_Auxiliary_Sphere

-

Geographic Transformation (optional

DF WAEE_ 1984 JTRFOO)_Tao_MAD 1983
1983 _To_H: Jorth_Carolina + MAD_149

1984_79_CONUS
1984 _4

Project

ArcGIS REST Services Directory
Home > services > Utilities > Geometry (GeometryServer) > findTransformations




General

Extent

Clip Layers
Metadata
Coordinate Systems
Transformation
Ilumination

Labels

Color Management

Map XY coordinate

Slovenia 1996 Slovene National
Grid

Details

Choose the transformation to convert source coordinate systems to map coordinate system.

XY Coordinate System  Transformation
GCS D48 D96 To D48 Osrednja Slovenija
<None>
D96 To D48 Osrednja Slovenija
D96 To D48 Dolenjska
D96 To D48 Jugovzhodna Slovenija
D48 To D96 2010 GI
D48 To ETRS 1989 + Slovenia 1996 To ETRS 1939 1
D48 To WGS 1984 + Slovenia 1996 To WGS 1984 1

D96 To D48 Gorenjska
D48 To ETRS 1989 Osrednja Slovenia ukinjena + Slovenia 1996 To ETRS 1989 1
O D48 To ETRS 1989 Dolenjska ukinjena + Slovenia 1996 To ETRS 1989 1
3 D48 To ETRS 1989 Jugovzhodna Slovenia ukinjena + Slovenia 1996 To ETRS 19891 N

D48 To WGS 1984 Dolenjska ukinjena += Slovenia 1996 To WGS 1984 1
D48 To WGS 1984 Jugovzhodna Slovenia ukinjena + Slovenia 1996 To WGS 1984 1
D48 To WGS 1984 2007 ukinjena + Slovenia 1996 To WGS 1984 1

I D48 To ETRS 1989 Gorenjska ukinjena + Slovenia 1996 To ETRS 1989 1

Deep Dive Into

Transformations

Today, 1:00 pm — 2:00 pm
Room 32 A/B



Map of the
Gaslamp Quarter

Fixing datum transformations...




Vertical Transformations

- Between two vertical coordinate systems

Ellipsoidal Heights (NADS83)

NAD 1983 To NAVDS8S
CONUS_GEOID12B_Height

o'.
-

- -
"
n®

-
---------
-

Orthometric Heights (NAVD 88)

'''''
)
-
mm®
‘i




Vertical Transformations

- Project tool option

Parameters | Envircnments

Input Dataset or Feature Class

Output Dataset or Feature Class

Ellipsoidal Heights (NAD83)

NAD 1983 To NAVDS8S
CONUS_GEOID12B_Height

Orthometric Heights (NAVD 88)




Vertical Transformation

|

Source Vertical
Coordinate System

[

Target Vertical
Coordinate System




Vertical Transformation

!

Source Vertical
Coordinate System

I
[Parametrs |

I

Target Vertical

Coordinate System




Vertical Transformation Methods

Geoid model formats
EGM2008
EGM84 and EGM96
GEOID12B

VERTCON

Ical offset
iIcal offset and slope




ArcGlIS
Coordinate
Systems
Data

Product Components

| Data and Content —o

Apps
Database Support Files
Developer Tools

Language Packs

Media
Download ISO Files

Request Media

Access to Coordinate Systems

Navigate to MyEsri
Select My Organizations
Downloads

Data and Content

Language
English

Select the items below that you want to download.

Sort By: Files ~

ArcGlIS Coordinate Systems Data
ArcGIS |

ArcGlIS Coordinate Systems Data

ArcGlIS Coordinate Systems Data

ArcGlIS Coordinate Systems Data

nterprise (W
itery

ArcGlIS Coordinate Systems Data
ArcGIS t':l,\i:!\tu Windows)

ArcGlIS Coordinate Systems Data

Ld
@esrl ArcGIS Industries About Support

/1IN
g ll‘,\/

\_/

My Esri

J
11 {
AN

BES I LTI AL My Organizations

Overview  Transactions Licensing Downloads o

o Files~ Product~ Version ~

al Information

| Information
ional Information
| Information
onal Information

al Information

formation 0.6 MB Download




ArcGIS Coordinate Systems Data

- 1.6 GB additional data install

GEOCON v1.0
NTv2
NADCON

VERTCON / GEOID12B
Geoids
EGM2008

Geographic
Transformations

Vertical
Transformations



Map of the
Gaslamp Quarter

A custom projection for the map...




Resources

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

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

- EPSG (epsg-registry.org)
- Database of coordinate systems & datums

. A LINING UP DATA

- Guidance Note 7-2 in ArcGIS

- Lining Up Data in ArcGIS, Margaret Maher

MARGARET M. MAHER



Resources

- Esri Projection Engine Database Documentation
- https://github.com/Esri/projection-engine-db-doc/

E] Esri / projection-engine-db-doc
£» Code Issues 1 Pull requests 0 Projects 0 Wiki Insights
This repository documents the contents of the Projection Engine factory database and describes how to add user-provided entries to it.
D 28 commits ¥ 1 branch > 3 releases 48 2 contributors gfs Apache-2.0

Branch: master = MNew pull request Create new file | Upload files = Find File

EE README.md ra

Esri Projection Engine Database Documentation

The Esri Projection Engine (PE) libraries deal with coordinate reference systems and their projections and transformations, as
well as providing many support functions such as calculating distances and areas, converting between lat/lon notations,
importing/exporting objects from/to well-known text (WKT) strings, converting from/to well-known ID (WKID) values, etc.




Spatial Reference and
Data Alignment Lesson

Hands-on Learning Lab, Exhibit Hall A

Today, 9:00 am — 4:00 pm




ESRI EXHIBITOR
DEMO LOUNGE
THEATER HANDS ON LEARNING LAB

& CUSTOMER
SERVICE

TECHNICAL

SUPPORT
— : e O REAL-

ArcGIS ENTERPRISE AseGIS ONLINE

= . TIME GIS

C 5 5 ALY el o Ja | .E-:
ArcGIS PRO LOCATION SPATIAL ANALYTICS — L

T - B LOCATIOM
'!|'- 'el T ': I'| -E': -I. '!'. .'!'. I:'Il_ L II-
AMNALYTICS DATA SCIENCE SERVICES
GUIDING YOUR
GEQOSPATIAL JOURMEY

LIFELOMNG
LEARMIMNG




Please Share Your Feedback in the App

Download the Esri

Select the session

Events app and find
your event

All Events

Esri User
Conference

Esri Petroleum GIS
Conference

May 15-16,2019
Houston, Texas

Esri Southeast User
Conference

you attended

Schedule Q

ArcGIS API for JavaScript: An
Introduction

ArcGIS Apps for the Field: An Introduction

ArcGIS Data Reviewer: An Introduction

ArcGIS Enterprise: Creating Sites
and Pages

ArcGIS Enterprise: The Road Ahead

ArcGIS Excalibur: Experience the Value
and Power of Imagery through the Web...

Scroll down to
“Survey”

< 0

ArcGIS Data Reviewer: An Introduction

SDCC - Room 30 E

Add Reminder

Jul 10, 8:30 AM - 9:30 AM

July 09, 08:30 AM - 09:30 AM

Log in to access the
survey

Share your thou

r fe m|

Complete the survey
and select “Submit”

Title and Deseription Consistent with Content

Poor Excellent

Well Organized/Clear Presentation

Poor Excellent

Public Speaking Skills

Poor Excellent

The content of the workshop was relevant to




