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Objectives

➢ Coord in ate sys tem s  backgrou n d
➢ PROJ.4  exam p les , an d  backgrou n d
➢ EPSG exam p les  an d  backgrou n d
➢ WKT exam p les  an d  backgrou n d
➢ Varia t ion s  in  “Well Kn own  Text”
➢ Exam p le coord in ate sys tem s  in  

Map Server , GRASS, GDAL/ OGR an d  
Pos tGIS

➢ Datu m  Dan gers



PROJ.4 Background

● A coord in ate sys tem  t ran s form at ion  library
● Used  by GDAL/ OGR, Map Server , GRASS, 

Map gu id e OS, an d  a var iety of o th er  p rogram s .
● Su p p or t s  over  100 p roject ion s  
● Su p p or t s  d atu m  sh ift in g with  gr id  sh ift  files  

an d  3 / 7  p aram eter  t ran sform s . 
● Sim p le “com m an d  lin e” form at  for  d escr ib in g 

coord in ate sys tem s .
● Hosted  at  h t tp :/ / www.rem otesen s in g.org/ p roj
● Develop ed  by Gerald  Even d en  (th en  of USGS), 

co- m ain tain ed  by Fran k Warm erd am  n ow.

http://www.remotesensing.org/proj


Geographic Coordinate Systems

eg. “la t  lon g, WGS84”
● Pos it ion  as  la t itu d e (d egrees  n or th  of 

equ ator ) an d  lon gitu d e (d egrees  eas t  of 
p r im e m erid ian )

● Ellip soid  (eg. Clark 1880 , or  WGS84)
– Sem i- m ajor  axis  (cen ter  to  equ ator , in  

m eters )
– Sem i- m in or  axis  (cen ter  to  p ole, in  m eters )

● Prim e Merid ian  (n orm ally Green wich )
● Un it s  (d egrees , rad ian s , grad ian s)
● Datu m  ....



Datum

● Based  on  an  ellip soid
● Rou gh ly, a  n am e for  a  su rvey n etwork
● Su rveys  accu m u late er ror
● MAGIC!
● Con vers ion s  d on e with :

– Grid  sh ift  files  (ie. NAD27/ 83)
– 3/ 7  p aram eter  t ran s form at ion s
– Polyn om ials  (n ot  su p p orted  by PROJ)

● Con vers ion s  often  exp ressed  relat ive to  
WGS84

● Is  WGS84 th e u n iversal d atu m ?



Projected Coordinate System

eg. “UTM z on e 11 n or th , WGS84”
Locat ion  exp ressed  in  m eters  eas t / n or th  of som e 

referen ce locat ion .

Need s :
● Project ion  m eth od  (ie. Tran sverse Mercator)
● Param eters  (ie. Cen t ral Merid ian , False Eas t in g)
● Geograp h ic Coord in ate Sys tem s  (ie. WGS84)
● Lin ear  u n it s  (ie. Meters , or  feet )



PROJ.4: Ellipsoid (Spheroid)

Defin ed  as :
● + ellp s= < n am e>
● + a= < sem i_m ajor_axis>  

+ b= < sem i_m in or_axis>
● + a= < sem i_m ajor_axis>  

+ rf= < in verse_flat t en in g>
Axis  d efin ed  in  m eters .
Exam p les :
● “+ ellp s= WGS84” 
● “+ a= 6378137.0  + rf= 298.257223563”
Use “cs2cs  - le” to  get  a  lis t  of kn own  ellip soid s .



Geographic

Aka lat / lon g 
  + p roj= lat lon g 

● Not  really a  p roject ion !
● St ill n eed  d atu m  or  a t  leas t  ellip soid .
● Can  in clu d e p r im e m er id ian .
● Un it s  is  im p licit ly d egrees .



PROJ.4: Datums

Defin ed  as :
● + d atu m = < d atu m _n am e>
● + towgs84= < x_sh ift> ,< y_sh ift> ,< z _sh ift>
● + towgs84= < xs> ,< ys> ,< z s> ,< xr> ,< yr> ,< z r> ,

< s>
● + n ad grid s= < lis t  of gr id  sh ift  files>
Exam p les :
● “+ d atu m = WGS84”
● “+ towgs84= - 263.0 ,6 .0 ,431.0  + ellp s= clark80”
● “+ n ad grid s= n tv1_can .d at  + ellp s= clrk66”
Use “cs2cs  - ld ” to  get  a  lis t  of kn own  d atu m s.



PROJ.4: Projection Parameters

● + lon _0= < an gle>
– Cen t ral Merid ian , Lon gitu d e of Origin , 

Cen ter  Lon g
● + lat_0= < an gle>

– Lat itu d e of Origin , Cen ter  Lat itu d e
● + k= < scale_factor>
● + x_0= < false_eas t in g>
● + y_0= < false_n or th in g>

Alm ost  a ll p roject ion s  h ave + lon _0 , + x_0, 
+ y_0.



Transverse Mercator

Aka Gau ss - Kru ger
+ p roj= tm erc + lon _0= < cen t ral m erid ian >  
  + lat_0= < lat itu d e of or igin >   + k= < scale 

factor>
  + x_0= < false eas t in g>   + y_0= < false n or th in g>

Exam p le (UTM 11 Nor th ):
+ p roj= tm erc + lon _0= - 117 + lat_0= 0 

+ k= 0.9996 
               + x_0= 500000 + y_0= 0 

+ d atu m = WGS84



Lambert Conic Conformal (2SP)

+ p roj= lcc + lat_1= < 1 s t s td . Parallel>  
  + lat_2= < 2 n d  s td . Parallel>  
  + lat_0= < origin  lat>  + lon _0= < origin  lon g>  
  + x_0= < false eas t in g>  + y_0= < false n or th in g>

Exam p le (Ten n essee State Plan e):
+ p roj= lcc + lat_1= 35 .25  + lat_2= 36d 25 

+ lat_0= 34d 40 + lon _0= - 86  
+ x_0= 609601.2192024384 
+ y_0= 30480.06096012192

   + d atu m = NAD27 + u n it s= ft  



Universal Transverse Mercator 

Aka UTM
+ p roj= u tm  + z on e= < z on e>

Exam p le (UTM z on e in  wh ich  Ot tawa falls ) 
:

+ p roj= u tm  + z on e= 17 + d atu m = WGS84

Ju s t  an  alias  for :
+ p roj= tm erc + lon _0= - 81 + k= 0.9996 
  + x_0= 500000 + d atu m = WGS84



PROJ.4 Dictionaries

● Com m on  coord in ate sys tem s  d efin ed  in  
d ict ion ar ies .

● Form at : + in it= < d ict ion ary> :< n am e>
● Exam p le: + in it= ep sg:4326
● Dict ion ar ies  are t ext  files  in  

/ u s r / local/ sh are/ p roj
● Search  th em  with  a  t ext  ed itor !
● Declarat ion s  look like:
# WGS 84
<4326> +proj=longlat +datum=WGS84 +no_defs  <>



PROJ.4 Dictionaries Cont.

Dis t r ibu ted  Dict ion ar ies :
● ep sg: Defin it ion s  for  EPSG GCS an d  PCS.
● n ad 27: State p lan e z on es  keyed  on  USGS 

z on e#
● n ad 83: State p lan e z on es  keyed  on  USGS 

z on e#
● es r i: ESRI exten d ed  “EPSG” d atabase
● oth er .ext ra: OGC WMS “EPSG” exten s ion s
● world : assor ted  ad d it ion al com m on  

p roject ion s



Open Geospatial Consortium 
“Well Known Text”
● OGC WKT is  a  “s tan d ard ” for  exch an ge 

of coord in ate sys tem s .
● Origin ally from  Sim p le Featu res  for  SQL
● Varia t ion s  u sed  by ESRI “Project ion  

En gin e”, Oracle, Au toMap , Map gu id e,  
GDAL/ OGR an d  Pos tGIS

● Not  to  be con fu sed  with  WKT geom et r ies



OGR WKT Example
PROJCS["NAD27 /  New York Eas t ",
    GEOGCS["NAD27",
        DATUM["Nor th _Am er ican _Datum _1927",
            SPHEROID["Clarke 1866",6378206.4 ,294.9786982138982,
                AUTHORITY["EPSG","7008"]],
            AUTHORITY["EPSG","6267"]],
        PRIMEM["Green wich ",0 ,
            AUTHORITY["EPSG","8901"]],
        UNIT["d egree",0 .01745329251994328,
            AUTHORITY["EPSG","9122"]],
        AUTHORITY["EPSG","4267"]],
    PROJECTION["Tran sverse_Mercator"],
    PARAMETER["lat it ud e_of_or igin ",40],
    PARAMETER["cen t ral_m er id ian ",- 74.33333333333333],
    PARAMETER["scale_factor",0 .999966667],
    PARAMETER["false_eas t in g",500000],
    PARAMETER["false_n or th in g",0],
    UNIT["US su rvey foot",0 .3048006096012192,
        AUTHORITY["EPSG","9003"]],
    AUTHORITY["EPSG","32015"]]

 



Simplified OGR WKT Example
PROJCS["NAD27 /  New York Eas t ",
    GEOGCS["NAD27",
        DATUM["Nor th _Am er ican _Datum _1927",
            SPHEROID["Clarke 1866",6378206.4 ,294.9786982138982]],
        PRIMEM["Green wich ",0 ],
        UNIT["d egree",0 .01745329251994328]],
    PROJECTION["Tran sverse_Mercator"],
    PARAMETER["lat it ud e_of_or igin ",40],
    PARAMETER["cen t ral_m er id ian ",- 74.33333333333333],
    PARAMETER["scale_factor",0 .999966667],
    PARAMETER["false_eas t in g",500000],
    PARAMETER["false_n or th in g",0],
    UNIT["US su rvey foot",0 .3048006096012192]]

● St r ip ed  d own  to “Sim p le Featu res” keyword s . 
●

 



ESRI WKT Example

PROJCS["NAD_1927_StatePlan e_New_York_Eas t_FIPS_3101",GEOGCS["GCS_Nor th _Am e
r ican _1927",DATUM["D_Nor th _Am er ican _1927",SPHEROID["Clarke_1866",6378206.
4 ,294 .9786982]],PRIMEM["Green wich ",0 ],UNIT["Degree",0 .017453292519943295]],P
ROJECTION["Tran sverse_Mercator"],PARAMETER["False_Eas t in g",500000],PARAME
TER["False_Nor th in g",0 ],PARAMETER["Cen t ral_Mer id ian ",-
74 .33333333333333],PARAMETER["Scale_Factor",0 .9999666666666667],PARAMET
ER["Lat itud e_Of_Origin ",40],UNIT["Foot_US",0 .30480060960121924]]

● ESRI .p r j files  are ju s t  on e lon g lin e.
● ESRI u ses  very sp ecifc d atu m  n am es
● ESRI h as  th eir  own  p roject ion  an d  p aram eter  

n am es  in  som e cases  



EPSG

● Stan d ard  en u m erat ion  of wid ely u sed  
coord in ate sys tem s , d atu m s, u n it s , etc.

● Basis  of th e geot iff form at .
● Used  in  WMS an d  m an y oth er  web service 

requ es t s .
● Used  in  m an y software p ackages
eg. WGS84 is  EPSG:4326
     UTM 11 Nor th , WGS84 is  EPSG:32611



Using EPSG

● Looku p s  can  be t r icky, I u su ally search  th e 
/ u s r / local/ sh are/ gd al/ p cs .csv an d  gcs .csv files  
in  a  t ext  ed itor !

● St icky n ote:WGS84 (4326), NAD83 (4269), 
NAD27(4267)

● If th e cod e #  is  larger  th an  32767 th en  it  isn 't  a  
real EPSG cod e

● Ask abou t  WMS 1.3 .0  an d  axis  ord er  later  over  
a  beer .  Ugg. 



PROJ.4 Command Usage

Command:
  cs2cs +proj=latlong +datum=WGS84 
     +to +proj=utm +zone=11 +datum=WGS84

Input:
  -118.0 33.0

Output:
  406582.22       3651730.97 0.00



MapServer Projections

● Use PROJ.4  form at :
  PROJECTION
    “+ p roj= u tm  + z on e= 11 + d atu m = WGS84”
  END

● Can  also u se PROJ.4 in it  files  for  ep sg, etc
  PROJECTION
    “+ in it= ep sg:4326”
  END

● Avoid  u s in g m u lt ilin e form at , or  “+ in it= EPSG”
● No su p p or t  for  WKT



GRASS Projections

Usage:
 g.p roj [- p d jwefc] [georef= file] [wkt= file] [p roj4= p aram s] 

[locat ion = n am e]

Flags :
  - p    Pr in t  p roject ion  in form at ion  (in  con ven t ion al GRASS form at )
  - d    Ver ify d atu m  in form at ion  an d  p r in t  t ran s form at ion  

p aram eters
  - j   Pr in t  p roject ion  in form at ion  in  PROJ.4  form at
  - w   Pr in t  p roject ion  in form at ion  in  WKT form at
  - e   Use ESRI- s tyle form at  (ap p lies  to  WKT ou tp u t  on ly)
  - f   Pr in t  'flat ' ou tp u t  with  n o lin ebreaks  (ap p lies  to  WKT an d  

PROJ.4  ou tp u t )
  - c   Create n ew p roject ion  files  (m od ifies  cu r ren t  locat ion  u n less  

'locat ion ' op t ion  sp ecified )



PostGIS

● Coord in ates  are refer red  to  by SRID (Sp at ial 
Referen ce ID), a  d b- local id en t ifier

● SRIDs  often  m atch  EPSG cod es  for  p red efin ed
● SRIDs  are related  to  p roj.4  an d  WKT 

d efin it ion s  in  th e sp at ial_ref_sys  tab le
● WKT is  ju s t  for  u ser , n ot  really u sed



PostGIS

● Regis ter  a  n ewly created  table:

select  Ad d Geom et ry( 't es t ', 'road s ', 'geom ', 4326 , 'LINESTRING', 2);

● Create geom et ry with  SRID:

in ser t  ... Geom From EWKT(SRID= 4326 ;POINT(5 7))...

● Rep roject  geom et r ies : (ADD!)



PostGIS

ep sg_t r .p y - p os tgis  4326  4326
BEGIN;
- - -
- - -  EPSG 4326  : WGS 84
- - -
INSERT INTO "sp at ial_ref_sys" 

("s r id ","au th _n am e","au th _s r id ","s r t ext ","p roj4 t ext ") VALUES 
(4326 ,'EPSG',4326 ,'GEOGCS["WGS 
84",DATUM["WGS_1984",SPHEROID["WGS 
84",6378137,298 .257223563,AUTHORITY["EPSG","7030"]],AUTHO
RITY["EPSG","6326"]],PRIMEM["Greenwich ",0 ,AUTHORITY["EPSG","
8901"]],UNIT["d egree",0 .01745329251994328 ,AUTHORITY["EPSG",
"9122"]],AUTHORITY["EPSG","4326"]]','+ p roj= lon glat  
+ ellp s= WGS84 + d atu m = WGS84 + n o_d efs  ');

COMMIT;



GDAL/ OGR

● Nat ive form at  is  OGC WKT (or  OGR WKT!)
● Coord in ate sys tem s  rep or ted  in  WKT
● In clu d es  t ran s form at ion  services  to/ from  

PROJ.4, ESRI WKT, an d  from  EPSG.
● - a_srs  < srs>  to  ass ign  an  SRS with  

gd al_t ran s late an d  ogr2ogr
● - t_s rs  to  select  t arget  SRS with  gd alwarp  an d  

ogr2ogr  com m an d s  to  rep roject
● Man y form ats  of SRS su p p or ted



GDAL/ OGR

-a_srs EPSG:4326

-a_srs '+proj=utm +zone=11 +datum=WGS84'

-a_srs abc.wkt

-a_srs 'GEOCS...'

-a_srs ESRI::roads.prj



Datum Shifting – GridShift Files

● Uses  a  gr id  off offset  valu es  over  region
● Gives  bes t  ap p roxim at ion  of correct ion  

for  ir regu lar  t ran sform at ion s
● Com m on ly u sed  for  NAD27 to  NAD83
● PROJ.4  in clu d es  t rad it ion al US NAD27 to  

NAD83 files  as  well as  Can ad ian  NTv1
● Also su p p or ts  Can ad ian  NTv2 form at  

n ow som et im es  u sed  in  oth er  cou n t r ies
● Use+ n ad gr id s=  keyword . 
● No exp licit  su p p or t  in  WKT.



Datum Shifting – 3/ 7 parameter

● 3 p aram eter  – s im p le offset  in  3  sp ace
● 7 p aram eter  – offset , rotate an d  scale
● Ju s t  an  ap p roxim at ion
● Often  d ifferen t  valu es  in  d ifferen t  

region s  for  a  s in gle d atu m
● Often  h ard  to  fin d  good  valu es
● Use + towgs84=  keyword
● TOWGS84[] in  WKT



Datum Shifting – Examples

● + d atu m = WGS84 is
+ ellp s= WGS84 + towgs4= 0,0 ,0
● + d atu m = GRS87 is
+ ellp s= GRS80 + towgs84= -

199.87 ,74 .79 ,246.62
● + d atu m = NAD27 is
+ ellp s= clrk66 + n ad gr id s= @con u s , 

@alaska, @n tv2_0 .gsb , @n tv1_can .d at

mailto:+nadgrids%3D@conus


Gotchas

● PROJ.4 m ay d efau lt  to  WGS84 ellp soid  if n ot  
given , be exp licit !

● Aea an d  lcc p roject ion s  h ave d efau lt  s tan d ard  
p arallels  for  USA ... u se + n o_d ef.

● Lon gitu d e s ign s  m at ter , Ot tawa is  w est  of 
green wich  wh ich  is  a  n egat ive lon gitu d e.

● Altern ate axis  or ien tat ion  n ot  su p p or ted .
● Did  you  d own load  gr id  sh ift  files?
● False eas t in g/ n or th in g alw ays in  m eters .
● Eu rop ean s  d o + towgs84 s ign s  backward s .



Tips

● Tes t  a  kn own  p oin t  with  com m an d  lin e tools .
● Use - v flag with  cs2cs  to see actu al valu es  

u sed .
● Verify d atu m  sh ift  is  d oin g som eth in g.
● Are gr id  sh ift  files  bein g fou n d ?  
● Set  PROJ_DEBUG en viron m en t  var iable to  see 

files  accessed .
● Don 't  t ru s t  th e “ep sg” d ict ion ary, esp ecially 

with  regard  to  d atu m  sh ift in g an d  u n com m on  
p roject ion s .



Conclusion

   Details  for  PROJ.4 an d  WKT p aram eters  for  
m an y com m on  p roject ion s  at :

     www.rem otesen s in g.org/ geot iff/ p roj_lis t /

Qu es t ion s?


