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Arizona State University - Masters of Advanced Study in
Geographic Information Systems (MAS-GIS)
http://geography.asu.edu/mas-qgis

Ball State - Master of Science in Geography, Gl Processing
Emphasis
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http://www.bsu.edu/geography/article/0,1384,27311-4327-
8945,00.html

Boston University - Master of Arts in Environmental Remote
Sensing & GIS
http://www.bu.edu/cees/academics/grad/index.html#maersqis
California State University Northridge - MS with Specialization in
GlScience

http://www.csun.edu/geography/grad.html

Chicago State University - MA in Geography
http://www.csu.edu/graduateschool/index.htm

Clark University - MA in Geographic Information Sciences for
Development and Environment
http://www.clarku.edu/departments/idce/qis/

College of the North Atlantic, Corner Brook, NL - Certificate in GIS
http://www.cna.nl.ca/programscourses/current_programs/CNA%20
GIS%20Applications%20Specialist%20Post%20Diploma.pdf
University of Arizona, School of Geography and Development
http://geog.arizona.edu/graduate/MS_GIST.php

University of Canterbury, Christchurch, New Zealand- Masters
(MGIS) and Postgraduate Diploma (PGDipGIS) in Geographic
Information Science

http://www.mgis.ac.nz

University of Denver - MS in GlScience
http://www.geography.du.edu/Programs/ProgMS_GISc.html
University of Florida - M.S. Concentration in Applications of
Geographic Technologies

http://www.geog.ufl.edu/MS _geogtech.html

Indiana University-Purdue University Indianapolis - MS in GIS
http://www.iupui.edu/~geotech/msgis.html

University of Minnesota - Professional Masters in GIS
http://www.geog.umn.edu/Graduate/MGIS/index.html

University of Maine - MS Spatial Information Science and
Engineering

http://www.spatial.maine.edu/

University of Maryland, Baltimore County (Rockville, MD) - M.P.S.
in GIS

http://www.umbc.edu/shadygrove/gis/gis.html

University of Maryland at College Park, MD - Master of
Professional Studies in Geospatial Information Sciences
(MPSGIS) program

http://www.geog.umd.edu/gis

University of Pennsylvania - Master of Urban Spatial Analytics
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http://www.sas.upenn.edu/CGS/graduate/musa/

University of Pittsburg - MS in GIS/RS
http://pro-ms.geology.pitt.edu/program.html

University of Redlands - MS in GIS

www.msgis.redlands.edu

St. Cloud State University - MS in Geographic Information
Science

http://bulletin.stcloudstate.edu/gb/programs/geog.asp

St. Mary's University of Minnesota - MS in Resource Analysis
http://www.gis.smumn.edu/

Salem State College, Massachusetts - MS in Geo-Information
Science

http://www.dgl.salemstate.edu/ms/

University of Texas, Dallas, Master of Science in Geographic
Information Sciences
http://www.utdallas.edu/dept/socsci/MS-GIS.htm

o slaall ok 8 Lle <l ) el yo pai Al Cladlad) @ e @lligd 1Sy 50l 7 5l Ll
rJall o o Leia 5 481 )

University of Calgary - Masters in GIS Program
http://www.ucalgary.ca/GEOG/index.html

City University, London UK- Masters in Geographic Information
http://www.soi.city.ac.uk/mqi

Curtin  University, Australia, MS in Geographic Information
Science

http://www.spatial.curtin.edu.au/

University College London - MSC in Geographic Information
Science

http://www.qgisatucl.info/

University of Edinburgh - MSC in Geographical Information
Science

http://www.geo.ed.ac.uk/~gisadmin/qgisstudy.html

University of Leeds - MSC in GIS
http://www.geog.leeds.ac.uk/masters/
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|P = point under consideration

|F = foot of perpendicular from P to the central meridian.
|The latitude of F is called the footprint latitude.

|0 = origin {on equator)

_C |0Z = central meridian

|LP = parallel of latitude of P

|ZP = meridian of P

EOL = I-(OS = meridional arc from equator

. E 5 ;LF = ordinate of curvature
|OF = N = grid northing
|FP = E = grid distance from central meridian

4
|
-

;GN = grid north

l kuS |C = convergence of meridians = angle between true and
¥ g |grid north
Symbols
s lat = latitude of point
» long = longitude of point
s long, = central meridian of zone
ko = scale along Iongo =0.9996. Even though it's a constant, we retain it as a separate symbol to keep the

+« numerical coefficients simpler, also to allow for systems that might use a different Mercator projection.
e e =50RT(1-b?/a?) = .08 approximately. This is the eccentricity of the earth's elliptical cross-section.
e? = [eafb}z = ezf[l—ez} = .007 approximately. The quantity e' only occurs in even powers so it need only be
« calculated as e'2.
e« n = (a-b)/(a+b)
s rho = a[l—ez};’[l—ezsinz[lat}}a"rz. This is the radius of curvature of the earth in the meridian plane.
nu = a/(l—ezsinz[lat}}l‘;z. This is the radius of curvature of the earth perpendicular to the meridian plane. It
is also the distance from the point in question to the polar axis, measured perpendicular to the earth's
e surface.
e p = ({long-long ) in radians (This differs from the treatment in the Army reference)

Calculate the Meridional Arc

S is the meridional arc through the point in question (the distance along the earth's surface from the
equator). All angles are in radians.

e 5=A'lat - B'sin(2lat) + C'sin{4lat) - D'sin(6lat) + E'sin{8lat), where lat is in radians and
e A'=a[l-n+(5/4)(n?-n) + (81/64)(n* - n7) ...]

e B'=(3tanS/2)[1 - n + (7/8)(n® - n%) + (55/64)(n* - n°) ...]

e C'=(15 tan?S/16)[1 - n + (3/4)(n? - n%) ..]

e D' =(35tan’$/48)[1 - n + (11/16)(n - n®) ..]

e E'=(315tan?5/512)[1-n ..]

The USGS gives this form, which may be more appealing to some. (They use M where the Army uses S}

M = a[({l - e2/4 - 3e*/64 - 55/256 ....)lat
- (3e2/8 + 3e%/32 + 45e5/1024...)sin(2lat)
+ (15e*/256 + 452571024 + ....)sin{4lat)
e -(35e%/3072 + ...} sin(6lat) + ....}] where lat is in radians

This is the hard part. Calculating the arc length of an ellipse involves functions called elliptic integrals,
which don't reduce to neat closed formulas. So they have to be represented as series.

Converting Latitude and Longitude to UTM
All angles are in radians.
y = northing = K1 + I(2p2 + K3p4, where

» K1=5k,
. K2= kD nu sin{lat)cos{lat)/2 = kD nu sin(2 lat)/4
« K3= {ko nu sin{latjcos?(lat)/24][(5 - tan?{lat) + 9e'2cos?(lat) + 4e"*cos*{lat)]

x = easting = Kdp + K5p3, where

. K4= I-(D nu cos(lat)

B all aUBIY ) UTIM alii e cililany) gy sad calaa (1 0-0) JS
( http://www.uwgb.edu/dutchs/usefuldata/utmformulas.htm x> <l )
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Converting UTM to Latitude and Longitude

In response to innumerable e-mails, you cannot use UTM grid coordinates without knowing your zone.
There are sixty points on the earth’s surface that have the same numerical UTM coordinates, 120 if
you consider that northing is duplicated in both hemispheres.

vy = northing, x = easting (relative to central meridian; subtract 500,000 from conventional UTM coordinate).
Calculate the Meridional Arc

This is easy: M = w‘ko.
Calculate Footprint Latitude

« mu=M/[all-e?/4-3e%/64 - 5e5/256..))
e e, =[1-(1-AM+ (-

footprint latitude fp = mu + J1sin{2mu) + J2sin{4mu) + J13sin(6mu) + J4sin{8mu), where:
o J1=(3e,/2-27e,%/32.)
e J2=(21e,°/16 - 55¢,%/32 .)
. J3=(151e,%/96 .)
. J4=(1097e,%/512 .)

Calculate Latitude and Longitude

e'? = (ea/b)? = e%/(1-e%)
s C1=-e"cos?(fp)
e T1= tanz{fp}
R1= a{1—ez}f[1-e25in2[fp}}3/2. This is the same as rho in the forward conversion formulas above, but
+ calculated for fp instead of lat.

N1= af{i—ezsinzifp}l}l‘rz. This is the same as nu in the forward conversion formulas above, but calculated
s for fp instead of lat.
D = x/(N1kg}

lat = fp - Q1(Q2 - Q3 + Q4), where:

+ Q1= N1 tan{fp)/R1

e Q2 =(D%2)

s Q3=(5+3T1+10C1-4C1? -9e'2)D%/24

o Q4 =(61+90T1+298C1 +45T1% - 3c1? -252¢2)05/720

long = long0 + (Q5 - Q6 + Q7)/cos(fp), where:

« O5=D
e Q6=(1+2T1+C1)D%/6
e Q7 =(5-2C1+28T1-3C1% + 82 + 24T1%)D%/120

UTM aUai ) 81 aadl aUail) che cilfilany) Jaead calaa (1 1-0) JS&
( http://www.uwgb.edu/dutchs/usefuldata/utmformulas.htm x> 4l )
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