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The National Spatial Reference System (NSRS)

NGS defines, maintains and
provides access to the NSRS

Latitude * Longitude
Elevation * Gravity ®

Shoreline Position

+ changes over time
* North American Datum of 1983 (NAD 83)

* North American Vertical Datum of 1988 (NAVD 88)

Today’s NSRS
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The National Spatial Reference System (NSRS)

NGS defines, maintains and
provides access to the NSRS x

Latitude ¢ Longitude * Elevation * =

Gravity * Shoreline Position

+ changes over time

North American Terrestrial Reference Frame (NATREF 2022) Tomorrow S NSRS

Caribbean Terrestrial Reference Frame (CATREF 2022)
Pacific Terrestrial Reference Frame (PATREF 2022)
Marianas Terrestrial Reference Frame (MATREF 2022)

North America and Pacific Geopotential Datum (NAPGD 2022)
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What life will be like in the future

Fast, Accurate, Consistent Elevations Everywhere

Revolutionize professional surveying
No more need for installing and locating bench marks
Absolute, consistent positioning autonomously, anywhere

Vastly improved flood plain mapping

Water flows due to differences in gravity
Critically important in low-lying, flat communities

Impacts on infrastructure

Any application requiring precise positioning -- bridges,
tunnels, railways, agriculture, navigation -- will be easier
and more accurate

Fundamental support for new technologies
Smart Highways for autonomous vehicles in Smart Cities

TRB Summer Meeting - July 2024
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Practical Impacts

- Every latitude, longitude and ellipsoid height will change from its
NAD 83 values 1n the +/- 2 meter range

. Every orthometric height will change from i1ts NAVD 88 (et al.)
values 1n the +/-2 meters median range, with an unknown limit on
change due to (as yet) unquantified subsidence impacts

. Published coordinate functions at active control stations will be the
primary geodetic control of the NSRS

. Greater integration of NGS tools will improve consistency and
reduce confusion
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Benefits of Modernizing the NSRS

Why Modernize?

o Current Datums were defined before GPS technology, so not B opotantisl aatin

?- 7 Predicted change estimated a5 N}A}lo‘p_sjz'icio'{ (datum) surface minus NGS gravimetric geoid

geo-centric (~2.2m)
o They rely on old tech & physical survey marks in the ground
o Today’s technology requires better accuracy

Modernization will: S [ gy =

o Improve accuracy, access, and alignment of our positioning
systems

e Provide ~$8.7 B in benefits to the nation over 10 years, more WA G e T e
for early adopters L

e Enable better alignment of NOAA and other data to support
emerging needs to address sea level rise, floodplain mapping,
and geohazards

TRB Summer Meeting - July 2024
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The Future Reference Frames

Will be based on a densified ITRF model (e.g. SIRGAS)

Tectonic Plate based

Each Plate is based on the same densified
ITRF model

North America NATRF | e
Caribbean CATRF [t s
Pacific PATRF | i
Mariana MATRF
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GRAV-D is 100% complete!
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NGS Airborne Gravity Data

Our longest project —
started in 2007! N HEL b,

Gravity

15.7 million sq km - Lf EEE dotrbanc

(mGal)

4,759 flight lines
2.3 million linear km I
flown N
e Nearly 3 times to the ) - 10,0

moon and back!! | N e I

Final data set was sentto (B, ARIE="8 ,, ‘ ~
the geOId team In Gravity for the . |

Redifiniti f th
Fe b rua ry A(ranerir;ar?n o

Vertical
Datum
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NAPGD2022 Geopotential Datum

North American-Pacific Geopotential Datum of 2022

Not a vertical datum, it is more than just heights. Models include:
cpetmen Gooa 20 » Geopotential
s - * Deflection
S : | » Gravity
 Geoid

Geoid Height (meters)

CUNNRRRRNNRRES

70"

-

American Samoa
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Modernized Access: Through the CORS and OPUS

OPUS: Online Positioning User Service

Drn gy | ok | Sy | Sl Edion

[!] orbits update to ITRF2020 on 1127

I\ Starting 11/27/2022, the 1GS will begin providing all orbit products in the newly released
ITRF2020 (1GS20) reference frame. We expect no appreciable impact to users of OPUS due to
this change.

coordinates until other NGS products can be
will be notified in advance when OPUS does

NGS provides data and one
definitive coordinate functions for M8 oo

home / upload Choose File |No file chosen
about OPUS * data file of dual-frequency GPS observations. sample

each station in the NOAA CORS T = 7 =

antenna - choosing wrong may degrade your accuracy
support / feedback ing wrong may degrade your accuracy.

OPUS Today
©.000 | meters above your mark

N etWO I k ( N C N ) antenna height of your antenna's reference point

* email address - your solution wil be sent here. Privacy Act Statement

[Options|to customize your solution

\Up\uad to Rapid-Static/]  [Upload to Static

24.8066,-111.8013

NE

Queb C’
uel ec ity v
7 v

NGS provides software (M-PAGES /
OPUS / OPUS Projects) to
differentially position your GPS
receiver to each station

Moiterrey

The
B TR Bahamas Map data ©2018 Google, INEGI | Terms.
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Preparation Steps You Can Take

. Everyone’s situation is [& .
different, so no set of

NGSHome | AboutNGS | Daasimagery | Tools | Suveys | SciencesEducaton | NN sexch V= National Geodetic Survey
f i 5

Positioning America for the Future

m;smrhml AbouthGs | patasimagery | Tools | suveys | sciencos caucoton | NN seen
New Datums @ .
il New Datums: Replacing NAVD 88 and NAD 83 = V National Geodetic Survey
e s M r 'x [
iarour Preview the Modemized NSRS on the NGS Alpha Web -
: |
(] . Whatto Expect ==
GetPrepared
ik Kincammin To improve the National Spatial Reference System (NSRS), NGS will
[
Track our Progress. replace all three North Al -an Datum of 1983 (NAD 83) frames and
[ ] e A Vertical Datum of 1938 (ot coaiond
v (NAVD 88),with four ne temestial eference flames and a geopalential

2l Geodeic Survey (NGS) provides the framework for al position
tion, and shoreline information impact a wide range of important

datum

Related Projects

Now Datums FAQ The new reference frames will rely primarily on Global Navigation

r Contactus Satite Systms (GNSS), soch 35 e Globa Postioing System
Bl } e (GPS). 25 vell 25 on  gravimetc geoid e esuling fom our
4 email netifications for the Redefinition of the American Vertical Datum (GRAV-D)
Conversion &

s.

New Datums g

B ors Boowr  somoies  Tewomeion UASTS Svrts Teso o vl n ot i i
Detaalidets fHcan) I FIG Working Week 2023 than the current NSRS, which relies on physicalsurvey marks that
Industry Engagement deterorate oves tme.
|_> 2021 S
2019 Summit

2017 Summit
2015 Summit

. NGS has listed 5 such e —

NOS Home + NGS Employees - Privacy Policy + Feedback + Disclaimer + Uffh.gov « Ready.gov - Site Map + Contact Webmaster

steps on its New
Datums page.
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- Metadata - Require complete metadata in all surveying and mapping field activities
and contracts.
— Preserve all original observations. For GNSS, save your data in ellipsoid heights

- Inventory your existing geospatial data and metadata to enable prioritizing their
transformations based on their accuracy requirements

Knowing the datums and epochs for your geospatial files will simplify their
datum transformations — What version of NAD83?

How was data collected and processed? What method used for deriving
orthometric heights (NAVD88)? What geoid model was used?

Method for deriving water levels and computed tidal datums



NOAA’s National Geodetic Survey Positioning America for the Future WWW.Ngs.noaa.gov

3 Ways to Get into the Modernized NSRS

- Re-survey

— Return to the field, and survey points of interest, relying on the
modernized NSRS control
- Definitely can yield new “geodetic control” (for a while) for you to use

. Re-adjust
— Using pre-existing observations, load them up to OPUS, and re-adjust

them to modernized NSRS control
- Probably yields new “geodetic control” (for a while) for you to use

. Transform

— Using tools like NCAT and VDatum (NGS models) estimate mass-changes
to your datasets.
- Does not yield new “geodetic control”
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Re-survey or Re-adjust via CORS & OPUS

www.ngs.noaa.gov

The NOAA CORS Network will be improved
OPUS-S and OPUS-Projects 5.x will be available for GNSS only

OPUS 6 (the do-1t-all suite) will not be ready until after 2025
Multiple constellations (M-PAGES)
Coordinates in ITRF2020, N/M/P/CATRF2022, NAPGD2022,

SPCSzozz e T "

TRB Summer Meeting

NGS Home | About NGS

OPUS menu

home / upload
about OPUS

-July 2024

OPUS Projects 5.2

National Geodetic Survey

Data & Imagery m Science & Education B

OPUSP J ovid essm \ e mana g I dp gt ools for survey projects involving
multi pl and multiple pat\on antag:
u omz m data p ing vi tl PACES fr
and man; g me nt a d

L AUJ slme IS eﬂ to the National Spatial Reference System

Learn More: = Whatis OPUSP ] l video, 11:26)
L] d

pb] cation in the NGS Integrated Database (IDB)
ject Pi op Iwb ite to requs esta eq ed
urvey marks must be described by creating

rojec i n
escription files in NGS software WinDesc.
[¥1 NEW!v.5.2.0 UPGRADE COMPLETE
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Transform via NCAT & VDatum

. Using all GNSS and leveling
data ever provided to NGS, we
will create updates to NADCON
and VERTCON, the engines in
OPUS and VDatum

- Will get your data to the 2020.00
epoch in the new frames / new
geopotential datum

- GPSonBM door to improve
transformations closes soon

TRB Summer Meeting

Ellipsoid Height (m)

Input datum

si Multipoint Conversion v Downloads ~ About Conversion Tool
e LLh SPC ut™M XYz USNG
Enter lat-lon in decimal degrees
< B UNITED--STATES
39.2240867222 -
-98.5421515000
_Manhattan
N - 39-13-26.71220 ~. > Jgpoka
Hay Salinar
- - 5
w - 098-32-31.74540
or drag map marker to a location of interest Leafiet | S
NADS83(2011) Output datum NAD83(2011)

Don't see a datum in the list?Click here to learn
more.
Converted coordinates will be in output datum.
Convert

ONLINE VERTICAL DATUM TRANSFORMATION

Home About VDatum Download Docs & Support Contact Us

[Puerto Rico and US Virgin Islands

NADS83(2011)
(Lor

v |[NAD83(2011)
v |

ngitude, Latitude) (Longitude. Latitude)

~ |[MLIW
v | meter (m)

Point Conversion

Latitude: [ [Transform ] Latitude: [

Longi [ [ Reset |  Longitude: [

Height: [

O tobMs Vertical Uncertainty (

[ oms ] Height: [
Reset Map |

+/):
Valid Tidal area Non-Tidal area l Non-Valid area
1GLD85 SVU area
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NGS Monthly Webinar Series

Join us as we highlight geodesy and
coastal mapping programs, products, and
research.

Each webinar features an NGS employee
delving into a topic of interest, and
generally includes a moderated question
and answer session. These webinars are
geared toward geospatial professionals as
well as educators/students of geodesy and
remote sensing.

Registration is free, webinars are streamed
via GoToWebinar, and video recordings are
made available for later viewing.

https://geodesy.noaa.gov/web/science_edu/webinar_seriq.i/éré(a§1>r<r.]§p,(/rl‘g|Ieting _July 2024

b4

Webinar Series
Overview

Upcoming Webinars
Recorded Webinars
Attendance Certificates

User Forums and Q&A
Sessions

Frequently Asked
Questions (FAQ)

Contact information
Email us
w Subscribe for

webinar
notifications

www.ngs.noaa.gov

National Geodetic Survey

Positioning America for the Future

2023 Recorded Webinars

M 2022 2021 2020 2019 2018 2017 2016 2015 2014-2009 »

10

2023

2-3:00 pm
ET

20

2023

New CORS Station Webpages: Public Feedback Forum

Presenters:Dr. Kimber DeGranpre, Geodecist, Geodetic Ingrastructure
Branch, NGS; Jay Howard, Geographer, Data Management, NGS >)

While the new CORS Station Pages are being built, we would like to check 60
in with public users to better understand preferences for what kind of Min
information is displayed which way, so that legacy products that are still ml
heavily used are preserved, but information not currently available on NGS

CORS Station Pages can be additionally included. 71MB
>> Learn more about this webinar.
Welcome to the Alpha Zone: A Preview of State Plane 2022
Presenters: Dr. Michael Dennis, PE, PLS, Geodesist, Observations and
Analysis Division (OAD), NGS; Krishna Tadepalli, Chief of the Geodetic
Applications Branch, NGS »>)
R : AR R = 6y G sEe W msimnan 90
16
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NGS Resources — Educational Videos

Video Library

NGS, in partnership with The COMET Program, has developed short videos about topics related to geodesy

and mapping. View or download our featured video or previous videos. Please visit the COMET YouTube
Channel to view the entire playlist.

Geospatial Infrastructure for Best Practices for Minimizing The Importance of Accurate

What are Geodetic Datums? How Were Geodetic Datums What Is the Status of Today's Coastal Communities: Errors during GNSS Data Coastal Elevation and

Established? Geodetic Datums? Informing Adaptation to Sea Collection Shoreline Data

Level Rise
—
s Ly CE
.,;;:, ﬁ i i ==
What's Next for Geodetic Precision and Accuracy in Two Right Feet? U.S. Survey NOAA’s VDatum Tool: Geodetic Control in Land Location Science Improves
Datums? Geodetic Surveying Eeet vs. International Survey Transforming Heights Between  Surveying: Active vs. Passive Everyday Life
Feet Vertical Datums

https://geodesy.noaa.gov/datums/newdatums/VWatchVideos.shtmi

Summer Meeting - July 2 17
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NGS Resources — Online Lessons

Online Lessons These lessons are rated by skill level:

NGS, in partnership with The COMET Program. has developed a series of self-paced 0 = Suitable for non-scientists
lessons on geodetic and remote sensing topics. Create a free user account to gain access 1= Requires basic scientific literacy
to the courses below and many others that may be of interest. You will have the option of 2 = Requires some prior knowledge of the topic

printing out a certificate upon successful completion of the quiz at the end of each lesson.

Understanding Heights
and Vertical Datums

Foundations of
Global Navigation
Satellite &A™
Systems

GNSS Positioning:
Survey Planning and
Data Acquisition

Gravity for Geodesy Il:
Applications

Gravity for Geodesy |:
Foundations

-

N ol Geospatsa leilamnce Ager |

OMET Progra

' 4 T L « National Park Service al Gens
Understanding Heights and GNSS Positioning: Survey Foundations of Global Gravity for Geodesy I:
Vertical Datums Planning and Data Acquisition Navigation Satellite Systems Foundations Applications
Skill Level: 0 Skiil Level: 1 Skill Level: 2 Skill Level: 2 Skill Level: 2

https://geodesy.noaa.gov/web/science edu/online_lessons/index.shtml

TRB Summer Meeting - July 2024 18
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Regional Geodetic Advisors & State Coordinators

State Geodetic Coordinators

NGS Regional Geodetic Advisors
* Advisor Locations

Mountain

Southwest:

Plains
us in
Islan :‘2;

>
=

Puerto Rico

. | Pacific 2@ %
Wit f ” .,..,,';.’/
» Guam erican '
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ELEVATIUN
RELATIVE TO LAND
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National Tidal Datum Epoch

Official time period of tidal observations that are used for primary datum

calculations
Time it takes the Earth, Moon, & Sun to complete an epoch tidal cycle
19 year time period (Present NTDE is 1983-2001)
Considered for revision every ~20-25yrs
Includes the longest period tidal variations (18.6 year node cycle)
Averages out seasonal fluctuations

Provides a nationally consistent tidal datum network by accounting for seasonal and apparent environmental

—

Meters

[ 1941-59 EPOCH —|

MSL _ I o “‘.L ‘ ,h...,... | bl }nlu‘ i llun' | M | Il \
T o ~ ?,.i!MlN i i |
il L

1940

trends in sea level that affect the accuracy of tidal datums
|||l"| TN AT
<_~ DATUM “ Hw ‘ ]H ‘|| l
|I| i
1950 1960 1970 1980 1990 Fgogumfrer Meeting =2 A / sk 1 UL | 20

— NEgEROCH — ANNUAL MEAN RANGE A N
*— 1960-78 EPOCH — T 0450 | i l | I L M"h A ) )
~0.2° ‘ I
YEARLY %2 ‘ l m i ” } ) it
400 - At i l
| i
il i
YEAR 1 L e L ot sttt s m mem o=
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Looking Ahead

NGS is planning a workshop for the January 2025 TRB meeting.

How can we best use that time together?
. What format would be best?
.~ What topics should we cover?

Contact us: Galen.Scott@noaa.gov
Send us feedback: NGS.Feedback@noaa.gov
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