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Water Level Training Resources for External Users 

Please note: Some training material links within the "Water Level Training List for External 
Users" are currently inactive as they are being relocated to the MetED website. We anticipate 
these links will be live within a few weeks. Additionally, CO-OPS will soon be publishing the 
Resource Guides found in this document on our Technical Assistance website with updated 
links. 

Current items without working links are: 

https://tidesandcurrents.noaa.gov/education/tech-assist/


Curated List of Training Resources with Brief Explanations. 

Here is a list of helpful training resources from the following offices: National Ocean 
Service (CO-OPS, NGS, OCM, OCS, IOOS).  

CO-OPS Online Training: 

1. CO-OPS Training Resources

a. Self-Guided Trainings
i. National Tidal Datum Epoch

This National Tidal Datum Epoch (NTDE) training video explains how
NOAA calculates and updates tidal datums, which are essential for
coastal zone activities like navigation and coastal engineering.

ii. Water Level Measurement Sensor Types- Coming Soon!
iii. International Great Lakes Datum- Coming Soon!

2. CO-OPS External MetEd Lessons: (Sign up is free and required to access lesson links
below) 

a. Working With Water Level Data: Establishing Accurate Water Levels -
Information about vertical control and maintaining elevations.*

b. Working with Water Level Data: QA/QC*
Focuses on the importance of how high quality, accurate data is examined and 
methods for rectifying poor quality data are discussed.

c. Working with Water Level Data: Inundation Analysis*
Helps learners quantify and interpret inundation events, or events where 
water levels rise above normal levels.

d. Using the NOAA Tidal Analysis Datums Calculator*
Provides an overview of and tutorial for using NOAA’s Tidal Analysis Datum 
Calculator (TAD).

e. Monitoring Water Levels with the NOAA Coastal Inundation Dashboard Helps 
learners navigate and leverage NOAA’s Coastal Inundation Dashboard, which 
informs users about water levels, coastal flooding, and associated impacts.

f. Understanding Heights and Vertical Datums*

https://tidesandcurrents.noaa.gov/education/tech-assist/training/
https://tidesandcurrents.noaa.gov/education/tech-assist/training/self-guided-training/
https://tidesandcurrents.noaa.gov/education/tech-assist/training/self-guided-training/training-page.html?id=1
https://tidesandcurrents.noaa.gov/education/tech-assist/training/comet/
https://www.meted.ucar.edu/education_training/lesson/10037
https://www.meted.ucar.edu/education_training/lesson/10160
https://www.meted.ucar.edu/education_training/lesson/10161
https://www.meted.ucar.edu/education_training/lesson/10036
https://learn.meted.ucar.edu/#/online-courses/028bc0a3-8213-4eaa-967e-213fcd871dda
https://www.meted.ucar.edu/education_training/lesson/1099


Provides learners with information on vertical datums, including how they are 
defined and how to choose and apply the correct datum for a given situation. 

g. NOAA’s VDatum: Transforming Heights Between Vertical Datums*
Details the importance of understanding vertical datums and describes the role
of the National Geodetic Survey’s VDatum tool in performing height
transformations between datums.

3. CO-OPS  User Guides and Tutorials

a. How to use the Tides and Currents Map
NOAA's Tides and Currents Map is an interactive tool that allows 
users to access oceanographic and meteorological data from 
National Ocean Service sensors located across the United States 
and on select Pacific and Caribbean Islands. 

b. Current Predictions User Guide
NOAA’s Current Predictions product allows you to generate tidal current 
predictions for the present day and up to two years in the past or future at 
2,000+ U.S. locations. 

c. Tide Predictions User Guide
NOAA Tide Predictions allows you to generate past, present, and future 
tide predictions at 3000+ locations along the U.S. coastline. 

d. Coastal Inundation Dashboard User Guide
The Coastal Inundation Dashboard is an interactive tool that provides 
real-time and forecasted coastal water levels, along with historical flood 
data, at water level stations across the U.S. and its territories. It helps 
users monitor water levels, assess short-term flood risks, and explore 
past flood events. 

4. Publications:

a. Tide Datums and Their Applications - This BASIC document provides
background information about tidal datum planes. The chapters present
overviews of the history of tidal datums in the U.S., domestic and international
legal regimes, water level measurement system and bench marks, derived
products available from NOAA, and examples of the practical and legal
applications of tidal datums.

b. Computational Techniques for Tidal Datums Handbook - This INTERMEDIATE
handbook is intended to provide education and training for both internal and
external audiences to NOAA. It presents the National Ocean Service (NOS)
methodology for the computation of tidal datums and explains how to use the
Center for Operational Oceanographic Products and Services (CO-OPS) water
level data and bench mark information available on the internet for tidal datum

https://www.meted.ucar.edu/education_training/lesson/1219
https://tidesandcurrents.noaa.gov/education/tech-assist/training/user-guides/
https://tidesandcurrents.noaa.gov/education/videolib/tac-video-page.html?vurlid=6
https://tidesandcurrents.noaa.gov/education/tech-assist/training/user-guides/assets/pdfs/Current_Predictions_User_Guide_v5.pdf
https://tidesandcurrents.noaa.gov/education/tech-assist/training/user-guides/
https://tidesandcurrents.noaa.gov/education/tech-assist/training/user-guides/assets/pdfs/Coastal_Inundation_Dashboard_User_Guide.pdf
https://tidesandcurrents.noaa.gov/education/tech-assist/training/
https://tidesandcurrents.noaa.gov/publications/tidal_datums_and_their_applications.pdf
https://tidesandcurrents.noaa.gov/publications/Computational_Techniques_for_Tidal_Datums_handbook.pdf


computations. Fundamental background for tide measurement and data 
processing is also reviewed. Detailed descriptions of tidal datum procedures, the 
background mathematical formulas, and example spreadsheets are interwoven in 
the various sections. 

c. Tidal Analysis and Predictions - This ADVANCED book provides the reader with
the knowledge required to carry out the most accurate tidal analysis and tidal
prediction possible using any set of water level or current data that he or she may
have available. The book is also intended to provide the reader with tools to
interpret the analysis results with respect to the hydrodynamics (the physics of
the water movement) of the bay or ocean from which the data were obtained, so
that these results can best be used for particular oceanographic applications.

d. CO-OPS Specifications and Delverables for Installation, Operation, and Removal
of Water Level Stations - This purpose of this document is to provide guidance
and list specifications for the installation, maintenance and removal of the water
level stations, and list requirements for the water level data and metadata
documentation submission.

e. Standing Project Instructions For CO-OPS Observing Systems  (2020) - These
Standing Project Instructions provide the recurring requirements for installation,
operation, maintenance, and removal of observing systems.

f. User’s Guide for GNSS Observations at Tide and Water Level Station Bench
Marks - This guide describes procedures used by CO-OPS to position marks,
track their stability over time on a global reference frame, and increase access to
tidal datums using GPS. It describes one GPS method, static GPS surveying,
which is accurate, automated, and available at all our tide and water level station
locations and is easily shared via NOAA's Online-Online Positioning User Service
(OPUS).

g. User’s Guide to Vertical Control and Geodetic Leveling for CO-OPS Observing
Systems - This guide provides references to several National Geodetic Survey
(NGS) documents related to the standard methodologies and tools used to derive
geodetic elevations using differential and trigonometric leveling.

h. Environmental Measurement Systems Sensor Specifications and Measurement
Algorithms - Providing sensor specifications for CO-OPS approved water level
sensors. 

i. NOAA NOS Manual: Accurate elevations for sea level change sentinel sites -This
document provides guidelines for coastal reserves, parks, refuges, and other
coastal habitat management areas to be identified as long-term “sea level
change sentinel sites,” monitoring both the changes in local water levels as well
as the resulting impacts on the adjacent coastal ecosystem.

j. A Network Gaps Analysis for the National Water Level Observation Network -
The purpose of this report is to provide an updated deterministic assessment of

https://tidesandcurrents.noaa.gov/publications/Tidal_Analysis_and_Predictions.pdf
https://tidesandcurrents.noaa.gov/fieldlibrary/ViewDoc?d=63
https://tidesandcurrents.noaa.gov/fieldlibrary/ViewDoc?d=63
https://tidesandcurrents.noaa.gov/fieldlibrary/ViewDoc?d=97
https://tidesandcurrents.noaa.gov/fieldlibrary/ViewDoc?d=21
https://tidesandcurrents.noaa.gov/fieldlibrary/ViewDoc?d=21
https://tidesandcurrents.noaa.gov/publications/Users_Guide_to_Vertical_Control_and_Geodetic_Leveling_for_CO-OPS_Observing_Systems-May_2018.pdf
https://tidesandcurrents.noaa.gov/publications/Users_Guide_to_Vertical_Control_and_Geodetic_Leveling_for_CO-OPS_Observing_Systems-May_2018.pdf
https://tidesandcurrents.noaa.gov/publications/CO-OPS_Measurement_Spec.pdf
https://tidesandcurrents.noaa.gov/publications/CO-OPS_Measurement_Spec.pdf
https://repository.library.noaa.gov/view/noaa/50570/noaa_50570_DS1.pdf
https://tidesandcurrents.noaa.gov/publications/Technical_Memorandum_NOS_COOPS_0048_Updt.pdf


the size and geospatial density of water level stations for the National Water 
Level Observation Network (NWLON).  

 

    5. GitHub/CO-OPS - GitHub is a web-based platform used by CO-OPS software  

a.​ CO-OPS-Tidal-Analysis-Datum-Calculator - This is code for the NOAA Tidal 
Analysis Datums Calculator tool. This tool computes tidal datums from any 
water level data time series with a consistent time step. The Tidal Analysis 
and Datums Calculator (TAD) uses a Butterworth digital filter to remove 
high frequency (> 4 cycles/day) water level variability in order to identify 
tidal high and low waters from observed water level data. 

 

    6. National Geodetic Survey (NGS): 

​ 1. NGS Corbin Training Center (Upcoming classes listed) 
a.​ Standing OPUS Projects Training Videos 

These videos were designed to guide you through the process of using OPUS 
Projects. They are meant to be viewed in order for the new user, or viewed as 
needed for a refresher on specific topics. You should allot approximately four 
hours to view the complete set of lessons. 

2. NGS Video Library 
a.​ What are Geodetic Datums? [en Español Available] 

Explains the basic concepts behind geodetic datums, where they are 
used, and why it is important to know about and use the correct datums. 

b.​ How Were Geodetic Datums Established? 
Explore the history of geodetic datums in the United States, and how they 
were established at a national level to assure consistency across 
mapping applications. 

      c. What Is the Status of Today's Geodetic Datums? 
Examine the use of the current primary geodetic datums used in the US, 
NAD 83 and NAVD 88, the challenges in maintaining these datums, and 
the inconsistencies that arise when they are used together with the latest 
satellite-based mapping technologies. 

      d.What's Next for Geodetic Datums? 
 Look at current plans for developing more accurate horizontal and 
vertical datums, (referred to respectively as geometric and geopotential 
datums), the expected benefits and impacts, and the importance of 
preparing now to adopt these new datums. 

  ​ ​     e.The Importance of Accurate Coastal Elevation and Shoreline Data 
Explains the role of topo-bathy lidar products in NOAA’s mapping and 
charting program. 
 
 
 

https://github.com/NOAA-CO-OPS
https://github.com/NOAA-CO-OPS/CO-OPS-Tidal-Analysis-Datum-Calculator
https://geodesy.noaa.gov/
https://geodesy.noaa.gov/corbin/calendar.shtml
https://geodesy.noaa.gov/web/science_edu/online_lessons/opus-training-videos.shtml
https://geodesy.noaa.gov/corbin/class_description/NGS_Video_Library.shtml
https://geodesy.noaa.gov/corbin/class_description/NGS_Datums_vid1/
https://geodesy.noaa.gov/corbin/class_description/NGS_Datums_vid2a/
https://geodesy.noaa.gov/corbin/class_description/NGS_Datums_video_2_b/
https://geodesy.noaa.gov/corbin/class_description/NGS_Datums_video_2c/
https://geodesy.noaa.gov/corbin/class_description/coastal-elevation-shoreline-data/


     f. NOAA's VDatum Tool: Transforming Heights Between Vertical Datums 
Explains NOAA’s VDatum tool and its role in facilitating height 
transformations between vertical datums including tidal, orthometric, and 
ellipsoidal datums. 

3 .Online Lessons - NGS, in partnership with The COMET Program 
a.​ Understanding Heights and Vertical Datums 

Aimed at scientists, engineers, modelers and other technical users of 
GIS/mapping applications, this lesson provides a basic understanding of 
different vertical datums, how they are defined, some of their strengths 
and weaknesses and how to choose the appropriate datum for a given 
application 

b.​ Global Navigation Satellite System (GNSS) Positioning: Survey Planning 
and Data Acquisition 
This lesson follows several surveyors as they work their way through 
projects, touching all aspects from initial planning up through field work. 

4. NGS Presentations Library (Type titles below into search bar or use your own 
 key word)  

a.​ Vertical Datums and Heights 
A discussion of the various types of vertical datums of the National Spatial 
Reference System (NSRS). This session will be a great refresher for 
anyone using GNSS/GPS in their vertical work, and especially those who 
offer FEMA-related surveys (ECs, LOMAs, etc.) or any Federal contract 
work 

b.​ Vertical Datums 
Provides a basic understanding of datums, including where old datums 
(e.g. NAD 83) comes from; An overview of the concept of the Geoid, tidal 
datums, the system we use now versus upcoming changes (post-2025), 
how we convert elevations, and how to start using the new system. 

c.​ VDatum 
VDatum is a free software tool being developed jointly by NOAA's 
National Geodetic Survey (NGS), Office of Coast Survey (OCS), and 
Center for Operational Oceanographic Products and Services (CO-OPS). 
VDatum is designed to vertically transform geospatial data among a 
variety of tidal, orthometric and ellipsoidal vertical datums - allowing users 
to convert their data from different horizontal/vertical references into a 
common system and enabling the fusion of diverse geospatial data in 
desired reference levels. 

d.    The National Spatial Reference System: The Common Foundation of         
Surveying and GIS  
All about the National Spatial Reference System (NSRS). 

e.​ The Modernized National Spatial Reference System is Almost Here! 
Currently, NGS is in the process of modernizing the NSRS, updating the 
existing horizontal datums with a suite of geometric reference frames and 
the vertical datums with a gravimetrically-derived geopotential datum. Part 

https://geodesy.noaa.gov/corbin/class_description/vdatum/
https://geodesy.noaa.gov/web/science_edu/online_lessons/index.shtml
https://geodesy.noaa.gov/web/science_edu/online_lessons/understanding-heights.shtml
https://geodesy.noaa.gov/web/science_edu/online_lessons/gnss-positioning.shtml
https://geodesy.noaa.gov/web/science_edu/online_lessons/gnss-positioning.shtml
https://geodesy.noaa.gov/web/science_edu/presentations_library/


of the modernization process involves updating NGS products and 
services to support users of the Modernized NSRS. 

.​ ​ f.​ Using OPUS and OPUS Projects 
NOAA's Online Positioning User Service (OPUS) provides free access to 
high-accuracy National Spatial Reference System (NSRS) coordinates. 
OPUS uses the same software which computes coordinates for the 
nation's geodetic control marks and the NOAA CORS Network (NCN). 

g.​ Global Navigation Satellite System (GNSS) Best Practices 
In this workshop, we will discuss the GNSS tools and techniques that are 
available, their adequacy for common survey tasks, and take an in-depth 
look at "best practices" that have been designed to catch blunders, 
eliminate common systematic errors, and increase confidence in survey 
results.S Best Practices 

h.​ The first realization of NAPGD2022: GEOID2022 and its accuracy 
estimation 
This presentation will highlight the development of GEOID22 (beta), 
including marine and land data validation and compilation, and their 
combination with satellite altimetry-derived marine gravity data, 
reprocessing of GRAV-D, the reference EGM, computation, comparison, 
combination of NGS's and CGS's geoid models, and the evaluation of 
static GEOID22. 

i.​ The North American-Pacific Geopotential Datum of 2022  
(NAPGD2022) 
With the advent of new national reference frames in 2022 by the National 
Geodetic Survey, a replacement for the North American Vertical Datum of 
1988 (NAVD 88) will also be implemented. This document will look at 
models that present a coherent and consistent image of the Earth's 
gravity field and more accurately define vertical control county-wide to 
country-wide and even across the water. Tools are also being developed 
to facilitate the merging of GNSS observations and local leveling to 
provide cm-level accurate vertical control. 

5.   NGS-Useful Contacts 
a.   Technical Assistance from NGS Regional Geodetic Advisors who can 
provide expert guidance and assistance on geospatial activities that are 
tied to the National Spatial Reference System (NSRS). 

 

7. U.S. Integrated Ocean Observing System (U.S. IOOS): 

a.   Manual for Real-Time Quality Control of Water Level Data 
​ ​ A Guide to Quality Control and Quality Assurance for Water 
 ​ ​ Level Observations  

 
 
 

https://geodesy.noaa.gov/ADVISORS/
https://ioos.noaa.gov/
https://ioos.noaa.gov/ioos-in-action/manual-real-time-quality-control-water-level-data/


8. Southeast Coastal Ocean Observing Regional Association (SECOORA):  
 

a.​ Technical Water Level Documents: 
i.​ Acquiring Vertical Elevation of Water Level Sensors 
ii.​ Water Level Station Installation, Maintenance and Removal 
iii.​ Water Level Site Reconnaissance- Desktop and Field 

Procedures 
 

9. Office for Coastal Management (OCM): 

 
a.​ Diving into the Digital Coast 

Choose an issue-specific offering from our calendar, or as a host, tell us what 
coastal management issue you are trying to address and we provide 
instruction on the best Digital Coast resources to use. 

b.​ Sea Level Calculator 
This tool produces location-specific scenarios for sea level and flooding, as 
well as information about present-day and past conditions. It includes curated 
quick views to help users explore how sea levels and coastal flooding have 
changed over time and provides scenario-based projections to support 
planning for communities. 

c.​ Water Level Trainings 
i.​ Coastal Inundation Mapping 

This course provides baseline information about the various types of 
flooding and teaches methods for mapping current flooding and 
potential coastal inundation scenarios using GIS. Hands-on exercises 
will help participants understand and apply the spatial methods 
covered in this course. 

ii.​ What is Storm Surge?  
Provides information about storm surge and its effects.  

iii.​ Climate 101, Science, Impacts & Society 
Provides an introduction to climate change basics for professional 
audiences 

iv.​ High Tide Flooding Impacts  
This module outlines the threats and ways communities can 
prepare. 

 
 

 

 

https://secoora.org/
https://secoora.org/wp-content/uploads/2023/05/SECOORA-Survey-SOP.pdf
https://secoora.org/wp-content/uploads/2023/05/WL-Station-Installation-Maintenace-and-Removal.pdf
https://secoora.org/wp-content/uploads/2023/05/Water-Level-Site-Selection-SOP.pdf
https://secoora.org/wp-content/uploads/2023/05/Water-Level-Site-Selection-SOP.pdf
https://coast.noaa.gov/
https://coast.noaa.gov/digitalcoast/training/diving-in.html
https://coast.noaa.gov/digitalcoast/tools/sea-level-calculator.html
https://coast.noaa.gov/digitalcoast/training/
https://coast.noaa.gov/digitalcoast/training/inundationmap.html
https://coast.noaa.gov/digitalcoast/training/what-is-storm-surge.html
https://coast.noaa.gov/digitalcoast/training/climate-101.html
https://coast.noaa.gov/digitalcoast/training/tidal-flooding.html
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