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NGS’ Height Modernization Program

		User driven – Congressional support

		Goal: Improve access to vertical control

		Method: Refine geoid height model to fit NAVD 88 so GNSS could be used

		Program Focus

		Infrastructure: GPS on bench marks

		Guidelines, models, tools: specifications for GNSS surveys, geoid and velocity models

		Education, capacity building













The Height Modernization program was developed to respond to the challenge of measuring accurate heights, where the vertical reference frame was difficult to maintain, with GNSS.  Because of the relationship of the ellipsoid and orthometric heights, NGS came to realize that a more accurate geoid model relative to the US North American Vertical Datum of 1988 could be developed using data from marks where very accurate GPS ellipsoid heights AND very accurate leveled orthometric heights had been determined.  



Support was provided to several states around the country, via specifically directed federal funds, to implement height modernization through infrastructure, models and tools, guidelines, and education.  The brass ring of this program was an accurate hybrid geoid model. 



The program began with a study in 1998 to test whether the idea was feasible, establish guidelines outlining rigorous field, equipment, control, and computation procedures, and report on the cost benefit of implementing height mod.  In 2001, funding was provided to 2 states, which grew to 17 by 2011.

*









Height Modernization Strategic Plan

		Improve access to NAVD 88 today



  Identify areas of immediate critical need

  Build infrastructure that will help access today,

        and support access in the future





		Prepare for transition to new                       vertical datum 

		Models, tools, guidelines, specifications (GRAV-D, etc.)

		Education, outreach, capacity building











Height Modernization has been about enabling people to get accurate heights with the use of GPS/GNSS.  Today and for the near future that means NAVD 88 heights.  If NGS is going to fulfill its Mission of providing access to [the vertical component of] the NSRS, that will continue to be NAVD 88  until there is a new datum that is easily accessible. 



At the same time NGS needs to engage in activities to prepare the user for the switch to the new datum when established.   The Program will strike a balance, providing access to heights now, but making sure that where it is possible, activities also support the transition to the new datum.
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Gulf Coast Subsidence Studies
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		Explain the background of Tech 50.











Gulf Coast Subsidence Studies

NOAA Technical Report NOS / NGS 50

	Rates of Vertical Displacement at Bench Marks in Lower

	Mississippi River and Northern Gulf Coast.



		  Studied historical 1st Order geodetic leveling data published by NGS



	(AL, MS, LA, & TX), plus NOS tide gauge data in Gulf region



		  Included over 2700 marks from leveling projects from 1920’s to 	1995





		  Data did have systematic leveling corrections (rods, level, 	temperature, etc.) applied, but nothing else















Technical  Report 50 Study Benchmarks







Gulf Coast Subsidence Studies

NOAA Technical Report NOS / NGS 50

	Rates of Vertical Displacement at Bench Marks in Lower

	Mississippi River and Northern Gulf Coast.



		  Determined that subsidence is not uniform regionally





		  Older leveling data does not aide in rate determinations





		  Rates varied from near 0 to near 2.5 cm (0.082 ft) per year





		  Area of northern gulf coast affected by subsidence was (is) larger 	than previously thought	













*

		Explain the background of Tech 50.











		  Necessary for better relationship between dated horizontal & 



	vertical ground control and GPS CORS within the state 



		  Planning started in early 2007



		  Approximately 3.8 million dollar project



		  Recon of marks to be observed began in Mid 2007



		  Continued planning throughout 2008 (consultant selection,



	GPS plan, equipment prep, points list / digital files prep., etc.) 



		   First GPS observations by MDOT  –  Nov 2008



		   Last  GPS observations by MDOT  –  May 2009



2009 Mississippi Statewide Height Modernization Project







		 Tech 50 study used as guidance / reasoning for leveling



		  Leveling performed to NGS standards and specifications



		  Approximately 650 miles of 1st Order geodetic leveling





		  Leveling had to be completed in a 6 month period





		  Leveling carried out by precise leveling capable contractor



	running multiple crews



		  GNSS observations every 10 Km along level lines (w of Mobile) 



2009 MS Height Mod. Project - Vertical
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		  Observations carried out by MDOT – Nov. 2008 – May 2009





		  Observations performed in 6 blocks



		  Performed 3rd Order leveling for “Offset” marks





		  Anywhere from 45 – 60 GPS receivers running during each



	GNSS session



		  Enabled the addition of more MS CORS to USM statewide system	    





		  Marks Observed:



	650 marks total

	78 offset marks for additional vertical references

	60 stream gauge ties



		  GPS Plan followed NGS Height Mod Specifications   



2009 MS Height Mod. Project – Horiz.







NGS Guidelines for GPS Established Heights

		  Follow NOS NGS 58 Guidelines for establishing GPS derived 	heights. 



		  Perform GPS data collection to specific guidelines.



     (3-5 ½ hr. session, different times, different days, PDOP, etc.)



-  Use specific equipment for data collection. (Rcvrs, tripods, 	etc.)



		  Reference valid NGS horizontal & vertical survey control.





		  Include CORS data in with passive mark observations



		  Post-process and adjust data for final values.



		  Submit processed information to NGS for review and 	publishing.
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Available On-Line at

the NGS Web Site:

www.ngs.noaa.gov

NGS Guidelines for GNSS Established Ellipsoid Heights
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Guidelines for Establishing

GPS-Derived Orthometric

Heights

(Standards: 2 cm and 5 cm)



*
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		  Where to get control information?



2009 MS Height Mod. Project



GPS2827
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		2009 MS Project Level Adjustment



		Updates to Coastal Alabama



		Changes in Datasheets
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	their need for flood insurance
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2009 MS Height Mod. Project – Leveling Adjustment







2009 MS Height Mod. Project – Leveling Adjustment
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Technical  Report 50 Study Benchmarks







2009 MS Leveling Adjustment

		Utilize updated VTDP model



		Use more current vertical in adjacent states



		Extend adjustment out to better known control



		Refine adjustments through checks & analysis of statistical results until final adjustment meets NGS specified tolerances





































Green Line: 2009 Data







AL adjusted lines: 00000730 Parts 1-5



The thick black lines represent the 2009 leveling (MS and AL) that was used in the primary adjustment of the Gulf Coast.

The heights from this 2009 leveling were used as the basis for constraining new 2011 work in AL: L26786/20, L26786/21, L27406/41, L27406/43 and L27406/44.

Note that L27406 parts 41 and 44 were adjusted together because there were no other lines connected (they got the same adjustment number, 00000730/3).



At any mark where the L27115/_ line crossed an older line in AL, this mark would be a candidate for a constraint in the secondary adjustment.  Constraints to the north were chosen to achieve two goals:

		Minimize the impact of adjusting to new values in the southern part of the state, so that the feathering of the adjustment would fall within the tolerance of the order and class of the original leveling;

		Minimize the amount of adjusting (keep original published heights as much as possible while still achieving (1).





Note that upper constraints were often chosen outside of towns/cities to minimize the number of lines that needed adjustment, and minimizing the probability of a survey crossing both adjusted and non-adjusted lines.



Most older lines were included in the secondary adjustment, except one pre-1929 line (a “circle line” 74097) and a couple 1950-1960’s lines that fit poorly with respect to the 2009 line (they’ll be included in the tertiary adjustment).
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		  Where to get control information?



2009 MS Height Mod. Project









AL adjusted lines: 00000730 Parts 1-5



The thick black lines represent the 2009 leveling (MS and AL) that was used in the primary adjustment of the Gulf Coast.

The heights from this 2009 leveling were used as the basis for constraining new 2011 work in AL: L26786/20, L26786/21, L27406/41, L27406/43 and L27406/44.

Note that L27406 parts 41 and 44 were adjusted together because there were no other lines connected (they got the same adjustment number, 00000730/3).



At any mark where the L27115/_ line crossed an older line in AL, this mark would be a candidate for a constraint in the secondary adjustment.  Constraints to the north were chosen to achieve two goals:

		Minimize the impact of adjusting to new values in the southern part of the state, so that the feathering of the adjustment would fall within the tolerance of the order and class of the original leveling;

		Minimize the amount of adjusting (keep original published heights as much as possible while still achieving (1).





Note that upper constraints were often chosen outside of towns/cities to minimize the number of lines that needed adjustment, and minimizing the probability of a survey crossing both adjusted and non-adjusted lines.



Most older lines were included in the secondary adjustment, except one pre-1929 line (a “circle line” 74097) and a couple 1950-1960’s lines that fit poorly with respect to the 2009 line (they’ll be included in the tertiary adjustment).
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2009 MS Leveling Adjustment







2009 Gulf Coast Updates - Datasheets









2009 Gulf Coast Updates - Datasheets









2009 Gulf Coast Updates - Datasheets









	??  Questions  ??

Denis Riordan, National Geodetic Survey

 Advisor to Mississippi

denis.riordan@noaa.gov

(601) 359-5357

2009 MS Height Modernization Project
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