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ÅHeight Modernization é in the 
beginning

ÅElements of Height Modernization

ïPartnership activities

ïScience of Height Mod

ÅThat was then ïThe future of height 
mod

Overview
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Height Matters



ÅTransportation

ÅMapping and Charting 

ÅConstruction, Engineering

ÅRecover decimated control networks



Measure, Monitor, Model - Crustal Motion/ 

Subsidence/Isostatic Rebound /Seasonal 
changes
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Flooding, coastal, waterway navigation 
applications

ÅFEMA Map Modernization Program

ï Flood Insurance Rate Maps

ï Elevation Certificates

ÅEvacuation Route Surveys

ÅRelating tidal and land datums for 
waterway navigation and coastal 
resource applications



DEMs, Geoid modeling



New and Non - traditional Applications:

ÅGeographic Information Systems 
(GIS)

ÅPrecision Farming

ÅFleet Management

ÅMachine Control



Å Emergency response 

Å Coastal resilience, habitat restoration

Å Damage mitigation

Å Water management, delivery ïdams, levees

Å Water levels ïrelative sea level change

Å Accurate geospatial foundation for GIS

Å Storm surge, inundation modeling

Å Reduce design and construction costs for engineering projects

Å Accurate determination of floodplains ïmaximize insurance 
cost/benefit

Å Improve agricultural yields

Å Ensure safe low -visibility aircraft landings

Å Ensure safe overhead and under -keel clearance on waterways

Benefits



Mission of NGS

To define, maintain and provide access to 
the National Spatial Reference System
to meet our nationôs economic, social, and 
environmental needs

http://geodesy.noaa.gov/INFO/ngs_tenyearplan.pdf



Height Modernization Objective

NSRS

Reliable

Cost - effective

Accurate

Standardized Legally Established

NSRS

GEODETIC CONTROLNAVD88



Height Modernization is é

éthe establishment of accurate, 
reliable heights using GNSS 
technology in conjunction with 
traditional leveling, gravity, and 
modern remote sensing informationé.



The Roots of Height Modernization

Å In 1994 - First meeting held in 

Sacramento, CA 

ïSome heights in CA in error by more than 

a meter

ïGPS could be immediately used to meet 

some of Californiaôs requirements

ïNecessary for the implementation of 

NAVD 88

Å In 1998 , $1.0 M was added to NGS budget 

to perform Height Modernization Study



Å In 2000 , $500K added to NGSô budget 
for Height Modernization planning

Å In 2001 , $2.25M added to NGS budget 

ïto implement Height Modernization in NC

ïto support the California Spatial Reference 
Center (CSRC)

ïto support NGS related Height Modernization 
activities

ÅAlso in 2001, NOAA is directed to work 
with LA and WI to assess their 
requirements for Height Modernization

The Roots of Height Modernization



Height Modernization Appropriations
(FY01 -FY08)

Fiscal Year Appropriations States

FY 2001 2.25 M CA, NC

FY 2002 3.75 M CA, NC, LA, WI

FY 2003 3.75 M CA, NC, LA, WI, MS

FY 2004 9.0 M
CA, NC, LA, WI, MS, 

AL, WA, SC

FY 2005 9.6 M
CA, NC, LA, WI, MS, 

AL, WA, TX, KY

FY 2006 9.9 M
CA, NC, WI, MS, 

AL, SC, TX, KY, AZ

FY 2007 9.9 M ñwithout directionò

FY 2008 4.995 M + 1.152 M Line + AL, KY, IL



FY08 Height Modernization - Recipients

Å State and Local Governments

ï North Carolina Geodetic Survey

ï South Carolina Geodetic Survey

ï State Departments of Transportation: Wisconsin, Michigan, 

Minnesota, Colorado 

ï Alabama Department of Revenue

ï Washington State Department of Natural Resources

ï Arizona State Land Development

Å Academic Institutions

ï Scripps Oceanographic Institute 

ï North Carolina A&T University

ï Louisiana State University

ï University of Southern Mississippi

ï Texas A&M Corpus Christi

ï Morehead State University

ï University of Illinois 

ï New Mexico State University



Participating and Interested States

Current Funded 
Partners

States engaged in 
HM without 
federal funding 
assistance

Spatial Reference Centers
Regional Leaders
Other funded partners



NAVD88 Heights
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ÅHow do we get heights?

ÅMost accurate ïsub - cm

ÅMost time - consuming and costly

ÅHow can we get good heights more 
easily?

NAVD88 Heights - Conventional Leveling



enter GNSSé

Can we get accurate heights with GNSS?



(NAVD88) H

H = Orthometric Height (leveling)

H = h - N

TOPOGRAPHIC SURFACE

h = Ellipsoidal Height (GPS)

N = Geoid Height (model)

h (NAD83)

Ellipsoid

N

Geoid
Geoid Height

(GEOID03)

Ellipsoid, Geoid, and Orthometric Heights



NOAA Technical Memorandum NOS NGS-58

GUIDELINES FOR ESTABLISHING GPS-DERIVED ELLIPSOID HEIGHTS
(STANDARDS: 2 CM AND 5 CM)
VERSION 4.3

David B. Zilkoski
Joseph D. D'Onofrio
Stephen J. Frakes

Silver Spring, MD

November 1997

U.S. DEPARTMENT OF    National Oceanic and      National Ocean National Geodetic
COMMERCE    Atmospheric Administration      Service Survey

Guidelines

Available ñOn-Lineò at

the NGS Web Site:

www.ngs.noaa.gov/PUBS_LIB/pub_index.html



Components of NGS - 58

ÅEquipment requirements

ÅField Procedures/Data Collection 

Parameters

ÅBasic Control Requirements

ÅProcessing/Analysis Procedures



Height Modernization Project

= Existing NGS Level line
= New HMP Level line

= HARN
= Primary Base Network
= Secondary Base Network
= Local Base Network

HARN - Average 50km, 
max 75km

Primary ï20 - 25km, 
max 40km

Secondary - Average 12 - 15km, max 15km

Local ïAverage 6 - 8 km, max 10km



Å 1        National Geodetic Survey,   Retrieval Date = JANUARY 26, 2009

Å LP0230 ***********************************************************************

Å LP0230  CBN         - This is a Cooperative Base Network Control Station.

Å LP0230  DESIGNATION - E 174

Å LP0230  PID         - LP0230

Å LP0230  STATE/COUNTY - UT/SALT LAKE

Å LP0230  USGS QUAD   - FARNSWORTH PEAK (1972)

Å LP0230

Å LP0230                         *CURRENT SURVEY CONTROL

Å LP0230  ___________________________________________________________________

Å LP0230* NAD 83(2007) - 40 43 40.61719(N)    112 10 23.51247(W)     ADJUSTED  

Å LP0230* NAVD 88     - 1295.727  (meters)    4251.06   (feet)  ADJUSTED  

Å LP0230  ___________________________________________________________________

Å LP0230  EPOCH DATE  - 2002.00

Å LP0230  X           - - 1,827,153.513 (meters)                     COMP

Å LP0230  Y           - - 4,483,296.800 (meters)                     COMP

Å LP0230  Z           - 4,140,409.453 (meters)                     COMP

Å LP0230  LAPLACE CORR - 2.08  (seconds)                    DEFLEC99

Å LP0230  ELLIP HEIGHT - 1278.524 (meters)          (02/10/07) ADJUSTED

Å LP0230  GEOID HEIGHT - - 17.19  (meters)                     GEOID03

Å LP0230  DYNAMIC HT  - 1294.738 (meters)    4247.82  (feet)  COMP

Å LP0230

Å LP0230  ------- Accuracy Estimates (at 95% Confidence Level in cm) --------

Å LP0230  Type    PID    Designation                      North   East  Ellip

Å LP0230  -------------------------------------------------------------------

Å LP0230  NETWORK LP0230 E 174                             0.78   0.55   1.80

Å LP0230  -------------------------------------------------------------------

Å LP0230  MODELED GRAV- 979,816.4   (mgal)                       NAVD 88

NGS Datasheet ïLeveling/GPS



Å LP0230  VERT ORDER  - FIRST     CLASS I

Å LP0230

Å LP0230.The horizontal coordinates were established by GPS observations

Å LP0230.and adjusted by the National Geodetic Survey in February 2007.

Å LP0230

Å LP0230.The datum tag of NAD 83(2007) is equivalent to NAD 83(NSRS2007).

Å LP0230.See National Readjustment for more information.

Å LP0230.The horizontal coordinates are valid at the epoch date displayed above.

Å LP0230.The epoch date for horizontal control is a decimal equivalence

Å LP0230.of Year/Month/Day.

Å LP0230

Å LP0230.The orthometric height was determined by differential leveling

Å LP0230.and adjusted in June 1991.

Å LP0230

Å LP0230.The X, Y, and Z were computed from the position and the ellipsoidal ht.

Å LP0230

Å LP0230.The Laplace correction was computed from DEFLEC99 derived deflections.

Å LP0230

Å LP0230.The ellipsoidal height was determined by GPS observations

Å LP0230.and is referenced to NAD 83.

Å LP0230

Å LP0230.The geoid height was determined by GEOID03.

Å LP0230

Å LP0230.The dynamic height is computed by dividing the NAVD 88

Å LP0230.geopotential number by the normal gravity value computed on the

Å LP0230.Geodetic Reference System of 1980 (GRS 80) ellipsoid at 45

Å LP0230.degrees latitude (g = 980.6199 gals.).

NGS Datasheet ïLeveling/GPS



Å LP0230.The modeled gravity was interpolated from observed gravity values.

Å LP0230

Å LP0230;                    North         East     Units Scale Factor Converg.

Å LP0230;SPC UT C     - 2,266,073.850   443,127.505   MT  1.00002033   - 0 25 52.5

Å LP0230;UTM  12      - 4,509,219.421   400,926.638   MT  0.99972081   - 0 45 55.9

Å LP0230

Å LP0230!             - Elev Factor  x  Scale Factor =   Combined Factor

Å LP0230!SPC UT C     - 0.99979948  x   1.00002033  =   0.99981981

Å LP0230!UTM  12      - 0.99979948  x   0.99972081  =   0.99952035

Å LP0230

Å LP0230                          SUPERSEDED SURVEY CONTROL

Å LP0230

Å LP0230  NAD 83(1994) - 40 43 40.61672(N)    112 10 23.51198(W) AD(       ) A

Å LP0230  ELLIP H (06/28/00) 1278.548  (m)                       GP(       ) 4 1

Å LP0230  NAVD 88 (06/28/00) 1295.73   (m)         4251.1    (f) LEVELING    3  

Å LP0230  NGVD 29 (??/??/92) 1294.74   (m)         4247.8    (f) COMPUTED    1 1

Å LP0230

Å LP0230.Superseded values are not recommended for survey control.

Å LP0230.NGS no longer adjusts projects to the NAD 27 or NGVD 29 datums.

Å LP0230.See file dsdata.txt to determine how the superseded data were derived.

Å LP0230

Å LP0230_U.S. NATIONAL GRID SPATIAL ADDRESS: 12TVL0092709219(NAD 83)

Å LP0230_MARKER: DB = BENCH MARK DISK

Å LP0230_SETTING: 66 = SET IN ROCK OUTCROP

Å LP0230_SP_SET: ROCK OUTCROP

Å LP0230_STAMPING: E 174 1970

Å

NGS Datasheet ïLeveling/GPS



Å 1        National Geodetic Survey,   Retrieval Date = JANUARY 26, 2009

Å DF4644 ***********************************************************************

Å DF4644  DESIGNATION - SLCP BASE STATION

Å DF4644  PID         - DF4644

Å DF4644  STATE/COUNTY - UT/SALT LAKE

Å DF4644  USGS QUAD   - SALT LAKE CITY SOUTH (1975)

Å DF4644

Å DF4644                         *CURRENT SURVEY CONTROL

Å DF4644  ___________________________________________________________________

Å DF4644* NAD 83(2007) - 40 44 11.46882(N)    111 53 40.49145(W)     ADJUSTED  

Å DF4644* NAVD 88     - 1301.3    (meters)    4269.     (feet)  GPS OBS   

Å DF4644  ___________________________________________________________________

Å DF4644  EPOCH DATE  - 2002.00

Å DF4644  LAPLACE CORR - 9.53  (seconds)                    DEFLEC99

Å DF4644  ELLIP HEIGHT - 1284.363 (meters)          (02/10/07) ADJUSTED

Å DF4644  GEOID HEIGHT - - 16.84  (meters)                     GEOID03

Å DF4644

Å DF4644  ------- Accuracy Estimates (at 95% Confidence Level in cm) --------

Å DF4644  Type    PID    Designation                      North   East  Ellip

Å DF4644  -------------------------------------------------------------------

Å DF4644  NETWORK DF4644 SLCP BASE STATION                 0.45   0.33   0.78

Å DF4644  -------------------------------------------------------------------

Å

Å DF4644

Å DF4644.The orthometric height was determined by GPS observations and a

Å DF4644.high - resolution geoid model.

NGS Datasheet ïNAVD 88 GPS



Å 1        National Geodetic Survey,   Retrieval Date = JANUARY  4, 2008

Å DH5603 ***********************************************************************

Å DH5603  HT_MOD      - This is a Height Modernization Survey Station.

Å DH5603  DESIGNATION - ALTO S GPS

Å DH5603  PID         - DH5603

Å DH5603  STATE/COUNTY- WI/FOND DU LAC

Å DH5603  USGS QUAD   - BRANDON (1980)

Å DH5603

Å DH5603                         *CURRENT SURVEY CONTROL

Å DH5603  ___________________________________________________________________

Å DH5603* NAD 83(2007) - 43 38 45.90850(N)    088 49 31.20449(W)     ADJUSTED  

Å DH5603* NAVD 88     - 283.45   (meters)     930.0    (feet)  GPS OBS

Å DH5603  ___________________________________________________________________

Å DH5603  EPOCH DATE  - 2002.00

Å DH5603  X           - 94,770.713 (meters)                     COMP

Å DH5603  Y           - - 4,621,912.764 (meters)                     COMP

Å DH5603  Z           - 4,379,891.970 (meters)                     COMP

Å DH5603 é 

Å DH5603 é 

Å DH5603 The orthometric height was determined by GPS observations and a

Å DH5603 high - resolution geoid model using precise GPS observation and

Å DH5603 processing techniques.

Å DH5603

Å DH5603.The X, Y, and Z were computed from the position and the ellipsoidal ht.

Å DH5603

Height Mod GPS Datasheet



Å 1        National Geodetic Survey,   Retrieval Date = JANUARY 26, 2009

Å LP0230 ***********************************************************************

Å LP0230  CBN         - This is a Cooperative Base Network Control Station.

Å LP0230  DESIGNATION - E 174

Å LP0230  PID         - LP0230

Å LP0230  STATE/COUNTY - UT/SALT LAKE

Å LP0230  USGS QUAD   - FARNSWORTH PEAK (1972)

Å LP0230

Å LP0230                         *CURRENT SURVEY CONTROL

Å LP0230  ___________________________________________________________________

Å LP0230* NAD 83(2007) - 40 43 40.61719(N)    112 10 23.51247(W)     ADJUSTED  

Å LP0230* NAVD 88     - 1295.727  (meters)    4251.06   (feet)  ADJUSTED  

Å LP0230  ___________________________________________________________________

Å LP0230  EPOCH DATE  - 2002.00

Å LP0230  X           - - 1,827,153.513 (meters)                     COMP

Å LP0230  Y           - - 4,483,296.800 (meters)                     COMP

Å LP0230  Z           - 4,140,409.453 (meters)                     COMP

Å LP0230  LAPLACE CORR - 2.08  (seconds)                    DEFLEC99

Å LP0230  ELLIP HEIGHT - 1278.524 (meters)          (02/10/07) ADJUSTED

Å LP0230  GEOID HEIGHT - - 17.19  (meters)                     GEOID03

Å LP0230  DYNAMIC HT  - 1294.738 (meters)    4247.82  (feet)  COMP

Å LP0230

Å LP0230  ------- Accuracy Estimates (at 95% Confidence Level in cm) --------

Å LP0230  Type    PID    Designation                      North   East  Ellip

Å LP0230  -------------------------------------------------------------------

Å LP0230  NETWORK LP0230 E 174                             0.78   0.55   1.80

Å LP0230  -------------------------------------------------------------------

Å LP0230  MODELED GRAV- 979,816.4   (mgal)                       NAVD 88

NGS Datasheet ïLeveling/GPS

H = h - N

1295.727 = 1278.524 - (- 17.19) 

1295.727 ̧ 1295.714 (0.013 m/0.04) ft)



To use GNSS you need a good 
geoid model

NGS makes 2 geoid models

ÅGravitational model:

Åis good for scientific applications
Åuses gravity data collected from 
a variety of sources

ÅñHybridò model: 

Åstarts with gravitational model
Åuses GPS on bench marks to 
enable a fit to NAVD88

GRACE Satellite Gravity



ÅGGPSBM2003: 14,185 total  579 Canada  STDEV 4.8 cm (2ů)  

ÅGGPSBM1999:   6,169 total      0 Canada  STDEV 9.2 cm (2ů)


