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National Geodetic Survey’s Mission

To define, maintain and provide access
to the National Spatial Reference
System (NSRS) to meet our Nation’s
economic, social, and environmental
needs.

The NSRS is a consistent coordinate
system that defines latitude, longitude,
height, scale, gravity, orientation, and
shoreline throughout the United States.


Presenter
Presentation Notes
The National Spatial Reference System is the United States’ geospatial infrastructure from which all positioning (with the exclusion of military/Department of Defense) is referenced to.  

This system provides a consistent framework that allows people to use data in the same reference system to perform analysis and make meaningful comparisons and decisions from that analysis.

The National Spatial Reference System (NSRS) includes latitude, longitude and elevation in addition to the National Shoreline and geodetic control. You can think about geodetic control is the “base map” layer at the base of GIS applications that will get everything aligned.
Two datums that make up the backbone of the NSRS today are:
North American Datum of 1983 (NAD 83)
North American Vertical Datum of 1988 (NAVD 88)
In the future, there will be four Terrestrial Reference Frames, one per tectonic plate. 
North American Terrestrial Reference Frame (NATREF 2022)
Caribbean Terrestrial Reference Frame (CATREF 2022)
Pacific Terrestrial Reference Frame (PATREF 2022)
Marianas Terrestrial Reference Frame (MATREF 2022)

And one gravimetric geoid model (GEOID2022) that will cover the entire north western Hemisphere of the Earth and serve as the foundation for the :
North America and Pacific Geopotential Datum (NAPGD 2022)
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NGS’ Long History of Crowd Sourcing Data

In February 2020, NGS celebrated 40 years of e s
crowd sourced data collection since the first ~%=  |nput Formats

. @ Survey Project Proposal - ‘511510}13;»13 ssssss
NGS Bluebook was released in 1980 D —————— T

W Survey Proposal

<'1'.‘ ‘We publish high-accuracy GPS and/or differential leveling observations which meet our criteria
Describe your project below to receive helpful data files and advice about your preject.

= Read NGS Bluebook

Today, NGS continues to encourage data
contributions for use in multiple applications: et

* GPS and Leveling survey data e | s | ooy | o | s | s | ——— B e

2 ad
¢ CO RS d a ta NOAA Shoreline Website

. Mapping History Applications Data Access Policy and Management
* Shoreline - CUSP
oreline

Home > Data Access >

o GPSO“BM NOAA ConNTINUALLY UPDATED SHORELINE ProbucT (CUSP)

Purpose and Potential Applications: This data set was
° IVI k R created to deliver continuous shoreline with frequent
updates to support various GIS applications including
a r ecove ry coastal and marine spatial planning, tsunami and storm
surge modeling, hazard delineation and mitigation,
environmental studies and may assist in nautical chart updates.

Guidelines for Establishing and Operating CORS
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Presentation Notes
NGS has crowdsourced our survey data collection almost entirely, beginning with agency-to-agency data rescue in the 1970’s.
We crowdsource data because we have to, we don’t have the budget or the field crews to collect data ourselves. This will help us to improve access to the NSRS and get the data we need to make informed decisions to do our job.   

https://www.ngs.noaa.gov/FGCS/BlueBook/pdf/Chapter1-2-3--1980.pdf
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GNSS Observations on NAVD 88 Leveled Marks
Crucial Data for GEOID18 & Transformation Tools
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NAVD 88, the US current Orthometric height datum, consists of about 800,000 benchmarks and ~2.2M km of leveling. Data was collected over many decades by roving bands of surveyors who walked across the country multiple times over the years, east to west, north to south and back again. It is currently the official vertical datum of the US and is required for federal mapping projects. It would cost tens to hundreds of millions of US dollars to do again. 
GPS data on those leveled marks were used to create GEOID18 – the model used to derive NAVD88 heights from GPS ellipsoid heights, as well as the transformation tools that will be released with NAPGD2022.
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GPS on Bench Marks

New Data for Better Models and Tools

Main Goal:
Gather data to create Transformation Tools

Added benefits:
 Update Passive Control Status

* Automatic Reprocessing to create 2020.0
Reference Epoch Coordinates (REC’s)

e Build a time series of observations

Potential Extensions:
* Identify marks suspected of movement
 Establish RTN Check Stations

]
\
=5
ana

Shared Solution

geodesy.noaa.gov

PID: AGT347
Dezignation: 872 6639 B TIDAL
Stamping: 665% B 1977
Stability: Monuments of questionable or unknown reliability
Setting: Pavement (strest sidewalk curb etc)
Mark Condition: G

Description: OBSERVED ON 02-24-2019
Observed: 2019-02-24T09:03:00Z  See Also 2017-04-05
Source: OPUS - page3 160324

REF_FRAME: NAD E3(2011)([EPOCH: 2010.0000||SOURCE: NAVDSE (Computed using GEOQID12E)||UNITS: m|| SET PROFILE|| DETAILS

LAT: 27756 53.98278" = 0.004 m

LON: -32°2% 723224"= 0.006 m
ELLHT: -21.130 = 0022 m

X: 747142480 = (008 m

Y: -3388666.092 = 0020 m

Z: 2971438245 = 0.007 m

ORTHO HT: 3934 = 0032 m

CONVERGENCE: -0.64037300° -0.18060278%
POINT SCALE: 0.99882024  0.90993382
COMBINED FACTOR: 0.99983236 0999046224

UTM 17 SPC 902(FL W)
NORTHING: 3082230.736m 400342.805m
EASTING: 363717.233m  162081.017m

CONTRIEUTED BY

mudolphe konou

Florida Department of Environmental Protection (Survey & Mapping)

4 g

i . n
Map Satellite

872 6699 B TIDAL

Pualm River Rd

E
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NGS’ GPSonBM program is now requesting data to build the models that NCAT and VDatum will use to transform geospatial data from existing datums to the Modernized National Spatial Reference System.

These are the benefits that we derive that other countries could derive as well. The processes, tools, workflow, and technical specifications that we have developed can be applied in other places. We are keeping in house the definition of the NSRS, outsourcing the observations to realize the frames
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Minimal Data Requirements

« GPS Observation: Collect 4+ hours of data on a bench mark

 Description: Provide details of how to locate mark (To Reach)

* Accurate antenna height and type values

2 photos:
+ close-up photo (avoid dark/blurry/dirt-covered)
* horizon photo (show equipment in use)
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- We keep the minimum session time at 4 hours for OPUS share 
- Longer sessions = better probability of fixing ambiguities and cancelling some errors in GNSS
Incorrect antenna height is often the cause of an inaccurate orthometric height 

OPUS share requirements
https://geodesy.noaa.gov/OPUS/about.jsp#sharing 
�OPUS webinar from Dec 2016
https://geodesy.noaa.gov/web/science_edu/webinar_series/understanding-opus.shtml 
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Extensive Residual Analysis used to create a Prioritized List
Residual=h-H-N

T ,az ‘:‘.‘._.__ .

- -
N is from a geoid
h is ellipsoid H is an NAVD 88 model: either
height measured Orthometric Height gravimetric or
using GPS from Leveling hybrid

Theoretically, the difference between these three values should be zero. In practice, using
actual observations gives a residual, or measure of the misfit between the three. We use the
residual to evaluate and quality control the observations.
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Presentation Notes
If we get two observations that agree to within 5 cm, we use the data, if they don’t agree then we ask for a third. This process helps us evaluate which of the datasets is correct, and which may be wrong. New GPS observations are much less expensive that new leveling. 
Process of comparing independent data sources allows us to make a decision about which observation are correct.

Because NAVD 88 is a leveling based datum, NGS has used hybrid geoid models for the last 2 decades to provide NAVD 88 orthometric heights from GPS derived NAD 83 ellipsoid heights. These hybrid geoid were made by warping a gravimetric geoid model to the NAVD 88 surface using the GPS observations on levelled NAVD 88 marks. GEOID18 was the last hybrid geoid model that NGS will release before moving to the Modernized NSRS which will use a purely gravimetric geoid model (GEOID2022) as the foundation for NAPGD2022. 
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NGS set priority list of marks where new data would be most beneficial for creating the GEOID18 hybrid geoid model. We then created regularly updated online maps for people to find priority marks near them and dashboards and to track state by state progress toward goals. Roughly ¾ of the data was submitted by State agencies, but there were significant contributions made by private sector firms, other federal agencies, as well as academia, professional societies and city and county level governments. We use the ESRI ArcGISOnline platform 



noaa.gov

2018 Priority Marks
Done [ 2,469 ] ~5,900 Total Marks

e Unusable | 564 ] ~3,800 Observations
Not Recovered [ 2,956 | on ~2,600 Marks

S—
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The results of the 2018 GPSonBM campaign for GEOID18
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GEOID18 Technical Report

NGS will be releasing a Technical Report
that describes the details of how the
GEOID18 model was created, including:
* Technical Specifications
 Methodology
Input Data

* Gravimetric Geoid Model

* GPS on Bench Marks

* Least Squares Collocation

1250 120°W 15w 0w 105PW tw 95w anw BE"W B0 75w oW B5"W

M Odel Pe rforma nce d nd Eva I uatlon Figure 1: Impact of GRAV-D on GEOQID18 — Difference between models using xGEOID15E and

xGEOID19A. Blue outlines show the general GRAV-D Block boundaries used in xGEQID1SE and GEOID1S8.

Relative Accuracy
DEFLEC18 GEOID18 would not be what it is without the many hours that thousands of volunteer

surveyors, state and local agencies, and federal agency partners put into collecting GPS data on
bench marks. NGS5 sincerely thanks has all the people who participated in data collection over
the past few years and who have helped create GEOID18.
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If this is something you are interested in, the tech report is a recipe for doing this yourselves
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Approximate Predicted Differences between Old & New:
NAVD 88 minus NAPGD2022

Approximate predicted change from NAVD 88 to new geopotential datum
3 redicted change estimated as NAVD 88 “zero” (datum) surface minus NGS gravimetric geoid
u

A Approximate
Orthometric Height
Change ( meters)

0.16
0.08

0
-0.08
-0.16
-0.24

-0.32
| -0.40
{ -0.48
| -0.56
I -0.64

~0.4 to 2 meters 1n Alaska ~0'to 1.3 meters CONUS
GPSonBM data collection efforts are focused on the vertical datum
transformations to resolve the irregular relationship between the surfaces.
Horizontal transformations are smooth and will be done primary with CORS data.
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Approximate Predicted Differences between Old & New: NAVD 88 minus NAPGD2022

New Datumsm What to expect webpages: https://geodesy.noaa.gov/datums/newdatums/WhatToExpect.shtml

NGS is not shifting the land, merely shifting the reference surfaces to which we reference the geospatial data to.
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GPSonBM Measurements
Build the Bridge between Old & New Datums

Because the relationships between the old and new datums vary by
location, the accuracy of the transformations in any particular place 1s

-

directly related to the density of GPSonBM data available 1n that area.

130°wW 120°W 110°wW 100°wW 90°W 80°wW 70°W

NGS National Leveling for the ‘ \
Conterminous United States

Experimental Geoid 2019
(*GEOID19)

40°N-

30°NA-

Geoid Height (meters)

[] ¢RAV-D Included

@I. IIIIIII..I.II L___J-i Full Coverage

PP PHIPLL o000 LPP PP
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That’s the strength of the system, where we don’t have to go to the field for ourselves. Set minimum requirements, then implement a QA/QC process by experts. 
GPSonBM data collection efforts are focused on the vertical datum transformations to resolve the irregular relationship between the surfaces. Horizontal transformations are smooth and will be done primary with CORS data.
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2022 Transformation Tool Campaign Overview

@ NGS Coordinate Conversion and Transformation Tool (NCAT)

NGS will make national scale, mapping grade e
transformation grids with the data in the NGS e
Integrated Database or Shared through OPUS .|
NGS may age-limit the data & only use data e
submitted since 2010 F e T
We must interpolate over areas with data gaps .,“.

Uncertainties in the transformed coordinates will

grow larger as the distance from a GPSonBM
data point increases ; A BT TR AT

ssssss

To keep uncertainties reasonable, NGS has a T o,
National Coverage goal of 10 km spacing =

I vertical Information

®  Height Sounding #®  Height Sounding
GEOID model: v GEQID model:
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This is the recipe that we created to meet our goals, and the following slides are the tools we created.
We set expiration dates for data in areas of motion to ensure fresh data is used for models and tools
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GPSonBM Transformation Tool Campaign Web Map

505

National Geodetic Survey

Positioning America for the Future

NGS Home‘ About NGS ‘ Data & Imagery ‘ Tools ‘ Surveys ‘ Science & Education ‘

GPS on BM Links

Home

Recover

Observe

Report

Web Map Application
Instructions

Progress Dashboard

Technical Details

Resources

GPS on BM FAQ

Related Links
NGS Data Explorer
Mark Recovery Form
OPUS Upload

Tutorial Video
GEOID18
Archived 2018 Campaign

Contact information
Email Us
Subscribe for GPS

on Bench Mark
Updates

GPS on Bench Marks

Help improve the National Spatial Reference System (NSRS) and prepare for the NSRS modernization in
2022 by participating in the GPS on Bench Marks (GPS on BM) for the Transformation Tool campaign. Your
efforts will support the following objectives:

rove the 2022 Transformation Tool, which will enable conversions from current vertical
h American-Pacific Geopotential Datum of 2022 (NAPGD2022) and will be
dinate Conversion and Transformation Tool (NCAT).

Updaie Passive tus: mark recoveries and shared solutions provide NGS and other
users of the NSRS with insight info the health of the passive control network and updated
nformation for project planning

Automatic Reprocessing in 2022: Shared data will be automatically reprocessed and given new
coordinates after the NSRS modernization occurs in 2022.

Recover, Observe, Report

Regardless of your objective, GPS on BM will always include three important steps: recover, obzerve, and
report.

Recover: Using web maps or other deskiop fools to look up the description of an existing bench mark and
vigit the bench mark of your choice and submit 8 mark recovery.

Observe: Record field notes, fake digital photos, and collect GPS observations for the bench mark you visit

Report: Use online tools fo send the information to NGS.

Download Prioritized Marks

=y o

[~15 MB] [~6 ME]

Visit the Web Map Visit the Dashboard

Files and Web Map Application updated: Tuesday, September 14, 2020

GPS on Bench Marks for the Transformation Tool (]

Baltimore

k-]
™ .

Columbia

Aspen Hill

The web map has several

functions that allow users to
search, explore, filter, and
export the data

geodesy.noaa.gov

Check out the web map:

wWww.ngs.noaa.gov/GPSonBM/

PoRERED EY 8
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National Coverage and Local Densification

* National coverage goal is illustrated by 10 km
hexagons on the map.

* Priority marks within each hexagon are X
automatically selected based on their metadata

* Once the 10 km goal is reached, the opportunity to
densify the model and improve local results is
unlocked. 2 km hexagons appear along with new

priority marks within those hexagons

Priority A Hexagons are Gold Hexagons where we have the
data we need are marked Done

Priority B hexagons are Blue - and colored Green [l




-
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GPSonBM Transformation Tool Campaign: Progress Dashboard

82 GPS on Bench Marks for the Transformation Tool Progress Dashboard NOAA's National Geodetic Survey

5,

(€D - Y L
STl .' e \ké’% = 10km Completed by State 10km Hexagons Completed
Completed Marks ( f % -~

WESTWOC
AZ MK -

20200909 Solutions by Agency Type

EA 098 -
20200909
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20200909
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20200908
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20200904

TURKEY -
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ILDOT
DISTRICT 3
1774 -
20200903

ILDOT . .
DISTRICT 3 Shared Solutions
1937 -

20200903

Total 10 km Marks
KANGAS AZ MK

- 20200903 0 =Pl 5 2 I 65 3
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We provide a dashboard that allows users to track their contributions, our progress toward the goals, and the variety of different types of organizations that join in the partnership efforts
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Whether your 2020 field activities are taking you to a remote corner of Alaska's

wilderness, or justto an Anchorage ROW, please consider submitting your GPS

data as an OPUS Shared Solution or provide the National Geodetic Survey (NGS)

te on the condition of marks in Alaska

with a genera

Each time you participate, you help to:

1. Improve consistent use of the National Spatial Reference System (NSRS)
and prepare for NSRS modernization by ensuring public access to
contemporary mark coordinates.

2. Support the development of tools that enal thy
surfaces and reliable transformation between modern and legacy

roducts.

3. Facilitate monument recovery and praject planning for our entire

geospatial community.

Special thanks to:

GIS graduates) for developing @ prototype of this

cory Map.

Owen Flannigan, Evan House, and Maria Cuevas, (University of Washington 2015 Geography-

geodesy.noaa.gov

al Coordination

GPS on Benchmarks - Proposed Observations

Vermont GPS on Benchmarks  V7rans Geodetic Survey

< Phttsburgh

Submit a Proposed
Observation
1. Identify the VT Mark to be
Observed

and secondery merks. Clic
the pop-up informetion,

1. Enter Information

PID of Mark to GPS

Satellite Visibility
Select... v

Company Name

Contact Name

Copy the Lat/Long information directly

from the pop up to easily navigate to

the mark when filling out the Propose
an Observation Form.

-
®tetancn

Email Address
2. Fill Out the Propose an
Observation Form

Telephone Contact

You will be eble to see whe
ccurred or not by loaki

Proposed Occupation Date
|
Mark Found
Select... v

2. Select Location

Specify the location for this entry by elicking /tapping the map or by using one of the following options.

5z
2% tonRouge

Hew Orfsanses

Hassau

THE BAHAMAS

Havana Esci, HERE, Garmin, FAO, NOAA, USGS, EPA, NPS

3. Complete Form
Add this information to the map.

Subr

Submit Entry
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NGS makes all of our GPSonBM data sets available online through the ArcGIS Online platform. Several States have created their own web maps and collaboration tools allowing them to coordinate with partners and plan together to decide who will observe which marks and when 
This could be used at the country level if implemented by SIRGAS
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Mark Recovery Links

Survey Mark Recovery
Home

NGS Data Explorer

NGS Photo Submission
Guidelines

Survey Mark Datasheets

Preserving Marks During
Railroad Abandonment

Mark Descriptions
Help

Mark Position

Mark Condition

Mark Descriptive Notes
Mark Photos

Mark Stamping &
Designation

Mark Type

Mark Setting & Specific
Setting

Rod/Sleeve Depths
Magnetic Property
Mark Stability

Related Links
USACE's U-SMART Tool
Geocaching

geodesy.noaa.gov

New Mark Recovery Webpage

Crowd sourced mark recoveries help update the GPSonBM map, let NGS and
others know if the mark is still usable, and pictures make it easier to find.

Survey Mark Recovery

Survey mark refers to any permanent marks or disks placed in
the ground or attached to a permanent structure with known
latitude, longitude or height information. Its utility depends on
the surveyor's ability to recover the mark in good condition. If a
mark has been damaged or destroyed, the positional
infermation may have been compromised. If the mark has
been completely removed, it's no longer useful.

In an effort to maintain updated records on more than 800,000
survey marks set around the country and its territories, the
National Geodetic Survey encourages the public to submit the
current mark recovery information

Submit Survey Mark Recovery Data

To submit your survey mark data to NGS, please use our online Mark Recovery Form.

Mark Recovery Form

1. In the first field under the Marker ID section, enter the recovered mark's Permanent Identifier

Mark Recovery Form Instructions:

(PID) to auto-populate existing mark descriptive fields from the NGS database. Please review
and update the fields as needed. If you don't know the mark’s PID, please use the Survey Mark
Datasheets tool to find it.

2. Inthe Recoverer ID section, enter your user information including Agency Code and Agency. An
individual can use the code "M" (non-specific designators) and recovery agency "INDIV".

Tools: Recovery Agency | Register an Agency | More Info

3. Inthe Recovery Information and Advanced sections, include all appropriate mark condition

PID: @

Designation: @

Stamping: ®

Latitude: ®

Longitude: ®

Country: @

State: @

County: @

Your Agency Type: @

Date mark was
recovered: @

Name: @

DEB8888|

Mark Recovery Form

Marker ID

Now with Find Marks Near Me!

CHA 05A

CHA-05A

N400131 85369

W0882207 65630

us

CHAMPAIGN

Select agency code

Recoverer ID

v Recovery Agency: @

descriptors.

Www.ngs.noaa.gov/surveys/mark-recovery

m in loading your recovery. They w|

K

HV1841

Hv4442

DP2634
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AJ2000

\/

al
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Using our online Mark Recovery Form, anyone can search for, find, and file a recovery report for our benchmarks. We update our priority list and maps when people report that the marks on our list have been damaged, destroyed, or are not suitable for GPS observations.
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GNSS Positioning: Survey Planning and Data Acquisition
Skill Level: 1
Completion Time: 1.25-1.50 h

© GPS on Bench Marks

How to Submit an OPUS Share Observation Tutorial sing

The purpose of this tutorial is to explain the steps needed to submit an OPUS Share observation in the context of supporting the GPS on Bench 85

Marks campaign. 4

il
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by
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GNSS POSMOI‘IIHQ: Description: With the common adoption of GNSS in land

Survey Planning and
Data Acquisition

surveying, best practices have evolved with improving hardware
and faster data processing. This lesson follows several surveyors
as they work their way through projects, touching all aspects from
initial planning up through field work. In the process they gather all
the necessary data to begin processing that data.

National Geodetic Survey
Advisor, Northern Plains Region
Minnesota, North Dakota, South Dakota, lowa, and Nebraska
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GEOID18 Model Improvements

32,357 GPS on Bench Marks data points were used to constrain the model to NAVD
88, PRVDO02 and VIVDQO9, an increase of ~6,800 marks (26%) over GEOID12B

Significant new analysis of GPSonBM data resulted in a much cleaner dataset
Includes better elevation data and improved digital elevation modelling techniques
Uses better gravity data and improved geoid modeling techniques

New space-based gravity data from satellite gravity missions (GRACE & GOCE)
Includes all available airborne gravity data - 53 completed GRAV-D blocks

COMNUS, Canda, COMNUS Only Puerto Rico and

and Mexico US Virgin Islands
SPS on Bench Marks Count 13357 11580 127 The overall fit of the final GEOID18 model to
Min. [em] 19.43 10.12 437 used bench marks is excellent. Over all of
Mas. [em] 20.59 8.17 452 CONUS, the standard deviation is 1.27 cm
Mean [cm] 0.00 0.00 0.00

Std. Dev. [cm] 1.39 1.27 1.67 (GEOID12B was approximately 1.7 cm)
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