
Inclusion of Leveling with GNSS Observations in a 

Single, 3-D Geodetic Survey Network Adjustment 

-Daniel T. Gillins, Ph.D., P.L.S. & 

Michael Dennis, P.E., P.L.S. 
National Geodetic Survey 

National Oceanic and Atmospheric Administration 

US Department of Commerce 



Background 

ÅCurrently, the United States has two official 

datums: 

ïòHorizontalò or òGeometricò = NAD 83Ą 

realized with GPS/GNSS 

ïòVerticalò = NAVD 88 Ąrealized with 

differential leveling 

ÅReplace datums in 2022 

ïñGeometricò control will be derived with GNSS 

ïVertical control will be derived with GNSS and a 

high-accuracy gravimetric geoid model                              

(H = h ï N) 

 

 



Problem & Objectives 

ÅDifferential leveling is more 

precise than GNSS for finding 

ȹH for a short distance (i.e., < 

50 km) 

ÅAttempt to include differential 

leveling with GNSS vectors, and 

geoid heights in a 3-D geodetic 

survey network 
 



Study Area 

1062 Stations 

Å18 GNSS+Leveling 

Å22 GNSS-only 

Å1022 Leveling-only 

 

1615 Observations 

Å1256 Leveling 

Observations 

Å359 GNSS vectors 
 


