GCS=Geographic Coordinate

Geographic Coordinates or longitude/latitude will vary depending on the assumed shape of the globe
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Latitude is the angle north or south (think

Longitude is the angle east or west (think longer as 360 degrees of longitude compared to only 180
degrees of latitude)
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The earth can be approximated as a sphere with a radius of 6,370,997 meters.




XY Coordnake System | 2 Coordinate System
Name GCS_WGS_1984
Detas:

Angular Unt: Degree (0.017453292519943295)

Prime Meridian: Greenwich (0.000000000000000000)
Datum: D_WGS_1984

%¥ Coordnate System

Z Coordinate System

Narme: GCS_North_Amerkcan_1927

Detals:
Angular Unk; Degree (0.017453292519943295)

Prime Meridian: Greermiich (0.000000000000000000)
Datum: D_North_American_1927
Spheroid: 66

XY Coordnate System | Z Coordinate System
MName GCS_Mars_2000

Detals:

Angular Unt: Degree (0.017453292519943299)

Prime Meridian: Reference_Meridhan (0.00000000000000001
Datum; D_Mars_2000

heroid: Mars 2000 IAU_IAG

XY Coordnate System | Z Coordinate System
Narne GCS_North_American_1983

Detals:

Angular Unk: Degree (0,017453292519943295)

Prime Meri

0000000000000)

There are many spheroids representing the planets.They are typically defined using parameters such as
semimajor and semiminor axis distances in meters. Here are three common spheroids for the earth and
one for Mars.




Spheroids are used by datums. A north american datum may represent the gravipotental earth surface
well in north america, but not europe.
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Spheroid |Semimajor | Semiminor
Axis (m) Axis (m)

Clarke 6,378,206.4 | 6,356,583.8
1866

GRS1980 6,378,137.0|6,356,752.31414

WGS1984 |6,378,137.0 | 6,356,752.31424

The three spheroids most commonly used in North America are the Clarke spheroid of 1866, and two very
similar spheroids (GRS1980, WGS84)




Horizontal Datums

» Spheroid
« Datum origin point

« Orientation of Geographic Coordinate
System X and Y axes

Longitude and latitude should be expressed with reference to the horizontal datum used.




Spheroid |Datum

Clarke NAD27
1866

GRS1980 | NAD83

WGS1984 | WGS84

Note that the NAD83 and WGS84 datums use spheroids that are almost identical, so for most GIS
applications the two datums are very similar.




Source: Joel Cusick, .
AK National Park Sewl;e

Horizontal
difference
between NAD
27 and NAD
83 (feet)

The difference between the same longitude/latitude value in NAD27 versus NAD83 is about 400 feet near
Fairbanks!




Geographic Coordinates

60 minutes = 1 degree
60 seconds = 1 minute

64° 30" 15" = 64. decimal degrees?
64 30" + 15/30" = 64 30.25’ =64.504167
or

64° 30/60" + 15"/3600 = 64.504167.

GIS typically expect GCS coordinates in decimal degrees.
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Geographic Coordinates

What is wrong with the following coordinate
near Fairbanks, Alaska?

64.875, 147.75 NAD83

1) GIS expect coordinates X,Y
and
2) X should be negative since longitude in negative west of the prime meridian
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What is wrong with the following
coordinate near Fairbanks, Alaska?

64.33, -147.75 NAD83

You should always enter at least 5 digits to the right of the decimal.
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64.33 assumed to represent 64.33000

64.3333333 — 64.330000 =
0.0033333degrees = 0.199999 minutes
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0.1999 minutes difference represents 370 meters
and location is across the river

Notice there is a substantial difference on the ground between 64.33 and 64.33333 latitude (370 meters in

the case)
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NAD83 position:

Latitude = 64 51 31.28835 N
Longitude = 147 50 08.76810 W
Ellipsoid Height = 217.021m

The antenna of a GPS base station is located on the roof of this building. This is a Continuously
Operating Reference station or CORS as part of a global network of GPS base stations. You can get
informatioon about this GPS base station from http://www.ngs.noaa.gov/CORS/GoogleMap/CORS.shtml

http://dverbyla.net/nrm338/
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NADS83 position:
Latitude = 64 51 31.28835 N
= decimal degrees?
Longitude = 147 50 08.76810 W
= decimal degrees?

[P CORS_SUAF .txt - Notepad
Fle Edt Fomat view Help

X,Y
-147.8357689,64.8586912

"\ Make XY Event Layer

Y Table

CANRIM33| dverbyls|coor dsystems|CORS_SUAF it
¥ Fald

x v
¥ Fiekd

v -
7 Fe {optional)
Layer Name or Table View

CORS_SUAF Layer

Spatial Reference (optional) |

Mip dthverbyla nedrm 338 15

You can create a point layer from a table of GCS coordinates in decimal degrees using the Make XY
Event Layer tool.

http://dverbyla.net/nrm338/
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B CORS_SUAF.txt - Notepad
Fie Edt Format View Help

X,Y
-147.8357689,64.8586912

= B CORS_SUAF_NAD27

5 ) CORS _SUAF_NAGG3

Mo+ Evixw

e messurement (Geodesic)
Segment: 124877563 Meters.
Length: 124.877563 Meters

hitp iidverbyla netnrm338

If you incorrectly specified the datum as NAD27 instead of NAD83, your position will be in error of about

125 meters!

16




» Maps are flat (2-dimensional)

+ Map projection changes from 3-D
spherical coordinates to 2-D planar
coordinates

* Projection from 3-D to 2-D causes
distortions

http://dverbyla.net/nrm338/ 17

There are hundreds of map projections because no one projection is distortion free when projecting the
globe to a flat plane

http://dverbyla.net/nrm338/
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Projected
coordinate system

Geographic
coordinate system

Datum
Spheroid

Projection
parameters

Linear Unit Angular Unit

Every projected coordinate system originates from a GCS

http://dverbyla.net/nrm338/ 18

All planar coordinate systems based on a projection originate from a specific Geographic Coordinate
System

http://nrm.salrm.uaf.edu/~dverbyla/nrm338
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Parallels of Latitude Meridian of Longitude

154,00000000
00000000

o False_Es:
65.00000000 False Nor
50.00000000 s
Meter

http://dverbyla.net/nrm338/ 19

Projected parameters typically include terms like central meridian (north south line) or standard parallels
(east west lines). For example, the UTM Zone 6 projection has a central meridian at -147 degrees, the
Alaska Albers statewide projection has standard parallels at 55 and 65 degrees.

http://dverbyla.net/nrm338/
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Map projection types:
conic, cylindrical, azimuthal

A ]

http://dverbyla.net/nrm338/ 20

Azimuthal projections have one point where the scale factor is 1.0
Cylindrical and conic projections typically have one or more lines where the scale factor is 1.0.

http://dverbyla.net/nrm338/
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http://dverbyla.net/nrm338/
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I f a map projection touches

All locations away from the tangent have a scale factor > 1.000

http://dverbyla.net/nrm338/

the gl obe

along at one |
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http://dverbyla.net/nrm338/ 22

Here is an example of a secant case where two locations touch the globe.
You can have a scale factor < 1.0 and >1.0 with a secant case map projection

http://dverbyla.net/nrm338/
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Projected Coordinate Systems

* X,Y cartesian coordinates
» Based on a projection

« Scale factor of 1.0 at standard parallels or
standard meridian

« X and Y origins defined at specific
longitude/latitude

http://dverbyla.net/nrm338/ 23

Projected coordinate systems are most commonly used in GIS instead of geographic coordinates.

http://dverbyla.net/nrm338/
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* Create Fishnet

1| OutputFestre Class

Template Extent {optional)

[ c:inrm338tverbyla\oraticieGCS NADS3.sho

Fishnet Origin Coordnate:
X Coordnate

[
Y-Axis Coordnate
X Coordnate

Cel Size Width

Cel Size Height
=

humbes of Rows

Mumber of Columns

Oppasite comer of Fishnet (optional)
X Coordnate

8 8] | ~| ¥

¥ Coordinate

http://dverbyla.net/nrm338/

* Define Projection
TInput Dataset or Feature Class:

graticuleGCS_NADS3

Coordinate System

GCS_North_Amencan_1983
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Create a graticule of longitude/latitude lines.

http://dverbyla.net/nrm338/

24




= £# Data Frame GCS NADS3
5@ points
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Data displayed in geographic coordinates (NAD83 datum)
Notice that the border of Alaska north of St. Elias area is a constant 141 degrees west.

http://dverbyla.net/nrm338/
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Common Alaskan
Projected Coordinate Systems

» Statewide Alaska Albers NAD83
* Universal Transverse Mercator
» Alaska State Plane Coordinates

http://dverbyla.net/nrm338/ 26

The National Park Service and US Fish and Wildlife service commonly uses the statewide Alaska Albers
NADS83 coordinate system, the local Division of Foresty commonly use the UTM coordinate system, the
Fairbanks North Star Borough commonly uses the Alaska State Plane coordinate system.

http://dverbyla.net/nrm338/




