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Understanding and Updating the
National Tidal Datum Epoch



Center for Operational Oceanographic Products and Services
Datum Updates

National Tidal Datum International Great Lakes
Epoch Datum

*Binational effort with Coordinating Committee on Great Lakes Basic Hydraulic and Hydrologic Data
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National Tidal Datum Epoch
What Does it Mean?

National Tidal Datum Epoch

United States and its territories Average tide level over an epoch A period of time (19 years)
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Understanding and Updating the
National Tidal Datum Epoch

Topics Covered

Tides and

Tidal Theory Sea Level Rise

National Tidal
Tidal Datums » Datum Epoch Applications

Update
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Tides and
Tidal Theory

Source: NOAA Images
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Tides and Tidal Theory

Forces that Generate Tides

* s i

e e
* e e
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Astronomical Effects Hydrodynamics Meteorological Effects

4
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Tides and Tidal Theory
Astronomical Effects

The alignment of earth, moon, and
sun causes tides

Changing alignment causes change
in gravitational pull

JIv3s QL LON

These movements are regular and >
1 : Tidal - Tidal Total Tidal
predictable o Blulz;e from & BIUIZe from Bglga;e (ISL?n
“2#/ theSun L) theMoon and Moon)

Source: NOS Ocean Facts
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https://oceanservice.noaa.gov/facts/springtide.html

Tides and Tidal Theory

Astronomical Effects

NOAA/NOS/CO-OPS =
Tide Predictions at 8762525, Pointe Au Chien, Cut Off Canal
From 2024/12/01 12:00 AM LST/LDT to 2024/12/30 11:59 PM LST/LDT
0.6 — s 0.6
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S 02
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12/2 12/4 12/6 12/8 12/10 12/12 12/14 12/16 12/18 12/20 12/22 12/24 12/26 12/28 12/30

v @
Phases

Spring Tide Neap Tide Spring Tide Neap Tide Spring Tide
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Tides and Tidal Theory

Hydrodynamics

Physics of water movement

How water interacts with coastlines and

the seafloor e, e

"‘_’--—: :; e ”E‘N, __

=
Other factors include: water depth and e
coastline configuration = .
1 {\5
s
| // 4 Source: NOAA Images
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Tides and Tidal Theory

Meteorological Effects

C ! s >
e o = Source: NOAA Images
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https://www.noaa.gov/digital-library/search/item?search_api_fulltext=wind&page=82

Tides and Tidal Theory

Meteorological Effects

STATION TIDAL NON-TIDAL

Boston, MA 98.2% 1.8% - Easy to predict
Baltimore, MD 44 8% 55.2% = Difficult to predict
Charleston, SC 91.2% 8.8%

Galveston, TX 39.5% 60.5%

San Francisco, CA 98.6% 1.4%

Seattle, WA 98.8% 1.2%

Comparison of tidal vs. non-tidal effects, reduction of variance statistics
from one-year harmonic analysis.

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov 11



Tides and Tidal Theory

Meteorological Effects

NOAA/NOS/CO-OPS NOAA/NOS/CO-OPS
Observed Water Levels at 8418150, Portland ME Observed Water Levels at 8574680, Baltimore MD
From 2024/01/01 00:00 GMT to 2024/01/09 23:59 GMT From 2024/01/01 00:00 GMT to 2024/01/09 23:59 GMT
12.0 12.0 5.0 5.0
10.0 ) ﬁ A 100 4.0 4.0
ARAAAAR 2 A ‘ fl » =
8.0 | ‘ ‘ 8.0
s | QW A A ISl & 3.0 3.0
pe= | | | ! 3l
= 6.0 | ] l | /] 6.0 =
& ‘ 8 2.0 2.0
£ 4.0 ‘ ‘ | 11 4.0 =
= | =
5 ‘ ‘ \ ‘ 2 1.0 1.0
L 2.0 ! v Vv i V y | 2.0 T
1} v ' V ' V
0.0 0.0
0.0 V 0.0
NOAA/NOS/Center for Operational Oceanographic Products and Services NOAA/NOS/Center for Operational Oceanographic Products and Services
f00:00 T00:00 T00:00 700:00 T00:00 f00:00 T00:00 T00:00 T00:00 T00:00
11 1/3 1/5 17 1/9 11 1/3 1/5 17 1/9

Portland, Maine Baltimore, Maryland

Heavily influenced by astronomical forces Heavily influenced by meteorological forces

Tides are easy to predict Tides are hard to predict
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Tides and Tidal Theory

Forces that Generate Tides

* * Ny A
* R e~ = o
my R ‘NN
" 44
Astronomical Effects Hydrodynamics Meteorological Effects
Alignment of Earth, Moon, and Bathymetry, water depth, Weather patterns, not just storms

Sun coastline configuration
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Tides and Tidal Theory
Types of Tides

SEMIDIURNAL TIDE

Tidal Period Tidal Day
3 "E
2! High High Water Tidal
Y i /I\
0 .
4 Datum Tidal “L.' A
B | Higher "9 | Range.
5 Low Water I = % Range
4!
Lowor Low Water
MIXED TIDE
Tidal Day
Tidal Period
2
1
0
-1
2

DIURNAL TIDE

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services

Semidiurnal

« Two high tides and two low tides per day
* Heights of tides are about the same
+ East Coast

Mixed

* Two high tides and two low tides per day

*  Height of high and low tides varies
significantly

*  West Coast

Diurnal

*  One high tide and one low tide per day
*  Gulf Coast

www.tidesandcurrents.noaa.gov



Tides and Tidal Theory

H H Verified Hourly Heights at 8729108, Panama City FL
y p eS O I eS = O rI a From 2024/01/01 00:00 GMT to 2024/01/07 23:59 GMT

3.0 30 |

Tide Types by Harmonic Constituents 20

20 |
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9 Mixed - Mainly Diurna 100:00 T00:00 T00:00 T00:00
{ [ § ! 7 10 113 15 117
9 Mixed - Mainly Semidiurnal § : | Eond. 0 N
¥ Semidiurnal NOAA/NOS/CO-OPS
Verified Hourly Heights at 8727520, Cedar Key FL
From 2024/01/01 00:00 GMT to 2024/01/07 23:59 GMT
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s Mixed tides
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0.0 0.0

NOAA/NOS/Center for Operational Oceanographic Products and Services
T00:00 T00:00 T00:00 T00:00
11 13 1/5 17
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NOAA/NOS/CO-OPS
Verified Hourly Heights at 9759394, Mayaguez PR

T i d e S a n d T i d a I T h e o ry e From 2024/01/01 00:00 GMT to 2024/01/07 23:59 GMT .

Semidiurnal tides

H 1 - 1.0 1.0
Types of Tides - Puerto Rico
= f
g 05 05 |
Tide Types by Harmonic Constituents 5 ,
* 00 00 |
IOOOU ; ONOO:gg/NOS/Cen(er for Dperzltg;a:\oooceanﬂgrzphm Pmducfsl Eong:zzrvmes
1" 113 115 17
Type of Tide
Di | H
WDk Distance between
9 Mixed - Mainly Diurnal these StatlonS
Q Mixed - Mainly Semidiurnal 1 6 5 miles
¥ Semidiurnal
NOAA/NOS/CO-OPS
Verified Hourly Heights at 9759110, Magueyes Island PR
From 2024/01/01 00:00 GMT to 2024/01/07 23:59 GMT
1.0 1.0
- o8 Diurnal tides o8
é 05 05
é 03 03
8
0.0 0.0

NOAA/NOS/Center for Operational Oceanographic Products and Services
To0:00 T00:00 To0:00 T00:00
1" 113 1/5 17
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Semidiurnal Constiluenis

Tides and Tidal Theory

Harmonic Constituents

Each motion of the earth, sun, and moon has
an impact on tides.

Each motion is known as a harmonic

constituent.

There are hundreds of harmonic constituents,
37 are used to make predictions.

The moon has the strongest impact.

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov




Tides and Tidal Theory
Tide Predictions and Observations

NOAA/NOS/CO-OPS
Tide Predictions at 8518750, The Battery NY
From 2024/12/01 12:00 AM LST/LDT to 2024/12/01 11:59 PM LST/LDT

High Tide

6.0 6.0

High Tide

Height in feet (MLLW)

o0 Low Tide : pa
Low Tide
NOAA/NOS/Center for Operational Oceanographic Products and Services
12:00 AM 03:00 AM 06:00 AM 09:00 AM 12:00 PM 03:00 PM 06:00 PM 09:00 PM 12:00 AM
12/1 12/1 12/1 12/1 12/1 12/1 12/1 12/1 12/2

Hydrograph representing one day of tides at The
Battery, NY.

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services

www.tidesandcurrents.noaa.gov



Tides and Tidal Theory

Tide Predictions and Observations

NOAA/NOS/CO-OPS
Verified Hourly Heights at 8518750, The Battery NY
From 2024/01/01 00:00 GMT to 2024/01/07 23:59 GMT

o) |||

3.0 0
s 6.0 6.0
=
=
& 40 40
£
=
o
@
& 20 20
NOAANOS/Center for Operational Oceancgraphic Products and Services
T00:00 T12:00 T00:00 T12:00 700:00 T12:00 T00:00 T12:00 T00:00 T12:00 700:00 T12:00 T00:00 T12:00
11 11 12 112 13 13 114 1/4 115 115 16 116 17 17

Hydrograph representing one week of tides at The Battery, NY.
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Tides and Tidal Theory

Tide Predictions and Observations

NOAA/NOS/CO-OPS
Verified Hourly Heights at 8518750, The Battery NY —
From 2023/12/01 00:00 GMT to 2023/12/31 23:59 GMT —
8

8.0 0

6.0 6.0

1 NN ‘2
40 ‘ | o | Ip‘ A ‘ 40
'n\ ““ | | M:'ﬂ || L] ]
2.0 “.“ “‘ | ) | [ “ “‘ | “] ; “{‘ “ \ ll‘ 20
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0.0 : | J J »j ‘ \(' “; | : V 0.0

NOAA/NOS/Center for Operational Oceanographic Products and Services
T00:00 T00:00 700:00 T00:00 10000 T00:00 T00:00 T00:00 70000 700:00 T00:00 T00:00 T00:00 T00:00 T00:00 T00:00
12/1 1213 12/5 1217 12/9 12111 1213 12/15 12117 12119 12121 12123 12025 1227 12129 12/31

Height in feet (MLLVV)

Hydrograph representing one month of tides at The Battery, NY.
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Tides and Tidal Theory

Tide Predictions and Observations

8518750 THE BATTERY, NEW YORK HARBOR, NY - Monthly - MSL

e Highest

3.40

o o 1
= 9 w
5] S o

Feet Relative to MLLW

@2
2
S}

2.90

Lowest

1/23 2/23 4/23 5/23 7/23 9/23 10/23 12/23
Months

Monthly mean sea level at The Battery, NY over a one year period.
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Tides and Tidal Theory

Tide Predictions and Observations

9410170 SAN DIEGO, CA - Monthly - MSL
41

El Nino

39

37

o
n

3:3

Feet Relative to MLLW

@
o

29
27

25
1/12 1/13 1/14 1/15 1/16 1/17 1/18 1/19 1/20 1/21 1/22 1/23 1/24
Months

Monthly mean sea level in San Diego, CA over multiple years of observation.
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Tides and Tidal Theory

Tide Predictions and Observations

8518750 The Battery, New York 2.92 +/- 0.09 mm/yr
0.60
— Linear Relative Sea Level Trend
0.a5 ||- |—Upper 95% Confidence Interval |
’ — Lower 95% Confidence Interval
Monthly mean sea level with the
0.30 |- average seasonal cycleremoved| - — — — — — — — = — = = — = = — — = — & & — - - & & - — —
015 {F — — — — — — — — — - — — — — o - —
| i
0.00 | UL It | Pl T 1| (|
' , e 11 Y
L Il“'hhlww. | [ L
P 8 1| Ny STy SO g — e s . i | a5 [l T < B o iy s o - ™ gy - ‘il . - e g ‘ol
0.15 ' J\ 'l |II s i r
| el ==
| | g T
-0.30 UH \t i iR » e -
-0.45 |- — W e Ml el s e s e ssaen e s el
-0.60 '} - - - - - - : : : : - ,
1850 1860 1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020

The relative sea level trend is 2.92 millimeters/year with a 95% confidence interval
of +/- 0.09 mm/yr based on monthly mean sea level data from 1856 to 2023
which is equivalent to a change of 0.96 feet in 100 years.

www.tidesandcurrents.noaa.gov
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Relative sea levels for the contiguous U.S.

Sea Level Rise
Observed and Future Trends

Sea levels have risen in the past 50 years

Sea level (m)

Sea levels will continue to rise due to thermal
expansion, melting ice, and ice disintegration

1980 2000 2020 2040

There are uncertainties about how much and Low
how fast sea levels will rise Intermediate-low
Intermediate

Intermediate-high
High

The rate and amount of sea level rise
depends on future carbon emissions

Relative sea levels for the contiguous United States from 2020 to 2050
relative to a baseline of 2000. Source: 2022 multi-agency Sea Level Rise
Technical Report

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov




Sea Level Rise
Relative Sea Level
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Sea Level Rise
Relative Sea Level in the Gulf of Mexico
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Sea Level Rise
Relative Sea Level in Alaska
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Sea Level Rise
Future Epochs

ELEVATION RELATIVE TO LAND

1940 1950 1960 1970 1980 1990 2000 2010 2020
YEAR

Graphic depicting National Tidal Datum Epochs since 1940 and Mean
Sea Level increase between epochs.
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Datums




W A datum is a fixed

_ * reference point from which
distances, heights, and
depths are measured.
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Source: NOAA Images


https://www.noaa.gov/digital-library/search/item?search_api_fulltext=mountain&page=39

Datums
Horizontal vs Vertical

Horizontal Vertical
Datum Datum
Reference point from which Reference point from which heights and
distances are measured depths are measured

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov 32



Physical markers used as reference points
North American Vertical Datum (NAVD 88)

» Official vertical datum of US
Uses network of bench marks

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services | www.tidesandcurrents.noaa.gov




Datums
Technological Advancements

Distances

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov



Datums
Ellipsoids and Geoids

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov



Datums
Ellipsoid

Perfect mathematical model of earth

NAVDS83 based on ellipsoid

Used for GPS, latitude and longitude,
movement of tectonic plates

Does not account for gravitational forces

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov




Datums
Geoid

Represents earth’s global sea level

Accounts for gravitational differences across
the planet

Best to model water flow

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov




Datums
Geopotential Datums

Ellipsoid Geopotential

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services



Datums
National Spatial Reference System (NSRS)

Orientation
longitude

m

National
shoreline

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov 39



Datums
National Spatial Reference System (NSRS)

North American Vertical

North American-Pacific
Datum of 1988 ' "

Geopotential Datum of

Relies on bench marks 2022

Outdated Will rely on satellite and global

positioning data

Only one of many reference
frames being replaced

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov 40



A tidal datum is the
average water level at
different times and
places along the coast.
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Source: NOAA Images



Datums
Uses

Tidal

Coastal engineering
Marine navigation
Flood risk management
Surveying and mapping

Ellipsoid
Coordinate systems

Latitude/longitude
Movement of tectonic

plates

Geoid

Gravitational field

monitoring

Vertical datum for mapping

Oceanography

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services

Geopotential

Gravitational field
monitoring
Satellite orbit monitoring
Navigation

www.tidesandcurrents.noaa.gov




TMOSP,
Sl e,
SO‘\ Q)
<5

1
NATIONZ, o
QA
S
Lg\v\\\&

NOILye

Center for Operational Oceanographic Products and Services
NATIONAL OCEAN SERVICE

Tidal Datums

Source: National Ocean Service


https://www.flickr.com/photos/usoceangov/14591892410/

Tidal Datums mm
Commonly Used in the United States

Mean Lower Low Water Mean High Water Mean Higher High Water
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:._\\

Average of the lowest low
tides over 19 years

Good reference for shallow
water

Used for navigational charts

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services | www.tidesandcurrents.noaa.gov


https://www.noaa.gov/digital-library/search/item?search_api_fulltext=hurricane&page=521

Tidal Datums
Mean Lower Low Water (MLLW)

Tidal Datum Boundaries '@'

Contiguous {
Privately Owned | Shiaduned Territorial Sea Zone :
Uplands I Tidelands |
AL, AK, CA, CT, FL, GA, LA, MD, MS, :
NH, NJ, NY, NC, OR, RI, SC, TX, WA
High
State Submerged Lands U.S.EEZ Exclusive Economic Zone Seas
Outer Continental Shelf
o (o3 3
} £ S S
Ny o 3 2
g 3 n.mi.
12 n. mi.
MHHW 24 n. mi. )
e 200 n. mi.
I MHW
|
|
Privately | State
Owned } Owned MLW
L MLLW U.S. Chart Datum
HI
Privately | State
Owned | Owned
DE, MA, ME,
PA, VA, GA

Graphic depicting how tidal datums are used to define legal marine boundaries.
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e Average of all high tides
over 19 years

e Historically used to define
private/public shoreline
boundaries

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services | www.tidesandcurrents.noaa.gov



e Average of the highest high tides

over 19 years : §f§
MLLW to MHHW = intertidal zone | &

e Landward of MHHW is usually not

- flooded during normal tides

e MHHW used to measure unusual
flooding

" Source: CO-OPS :
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Tidal Datums
Other Tidal Datums

TIDAL DATUMS Highest Observed Tide

HIGHEST OBSERVED
I MEAN HIGHER HIGH WATER

MEAN HIGH WATER
Mean Sea Level

| MEAN EA LEVEL

Mean Low Water
- A LOW WATER
MEER WATER -

B LovesT oBserven [RE N Lowest Observed Tide
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National Tidal Datum Epoch
Updates

ELEVATION RELATIVE TO LAND

1940 1950 1960 1970 1980 1990 2000 2010 2020
YEAR

Graphic depicting National Tidal Datum Epochs since 1940 and Mean
Sea Level increase between epochs.
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National Tidal Datum Epoch

Metonic Cycle

National Oceanic and Atmospheric Administration | National Ocean Service | Center for Operational Oceanographic Products and Services www.tidesandcurrents.noaa.gov




National Tidal Datum Epoch

9447130 Seattle, WA

Metonic Cycle

],,a‘ ! “” l i ’}IJN'IM ’
| Ml ' “' M[ ‘

Nl
"t! M

Monthly mean range
Annual mean range

This graph depicts multiple Metonic Cycles in Seattle, WA. Here, the blue line represents
the monthly mean range of tides and the red line represents the annual mean range of
tides. From peak to peak, or trough to trough, is the 18.6 year period.
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National Tidal Datum Epoch
Tide Stations

i 12} 13}

Primary Secor_Idary Tert_iary
Stations Stations Stations

>1 year of data >30 days of continuous

>19 years worth of data <19 years data <1 year
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National Tidal Datum Epoch

National Water Level Observation Network

(' NWLON station
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National Tidal Datum Epoch

Quality Assurance and Quality Control
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National Tidal Datum Epoch
Bench Marks
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National Tidal Datum Epoch

Leveling g e -

Determines heights of points on earth’s
surface

Way to understand the ups and downs of
terrain

Helps create elevation maps

Determines water level changes over time
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National Tidal Datum Epoch
Bench Mark Networks

Bench Mark Network

Primary

Station ‘ ‘ ‘
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National Tidal Datum Epoch
Bench Mark Networks

Bench Mark Network

Primary

Station ‘ ‘ .—
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National Tidal Datum Epoch

Data Flow

Automated and

Water level Collect water Data sent to ‘ manual aualit
sensor installed level data database q y
control checks

Generate hourly
Tidal datums More quality heights, high
calculated control checks and low tides,
monthly means
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National Tidal Datum Epoch

Datum Changes
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National Tidal Datum Epoch
Metadata

Quality Control and Quality

Leveling Procedures .
Assurance Information

Bench Mark
Information

Units of .AE%
Measurement

Epoch Being
Referenced

Sensor
Specifications

When Data was
Accepted

Station Identification
Number and Name
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Center for Operational Oceanographic Products and Services
NATIONAL OCEAN SERVICE

Applications

Using Datums

NOAA Images



Applications
Channel Dredging

NTDE 1983-2001 NTDE 2020

400’

400'

Channel Channel

WLLOY

0.23’ increase in
sea level

Ty
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Applications
Channel Dredging

NTDE 1983-2001 NTDE 2020

400’

400'

Channel Channel

WLLOY
Ty

$340,740

1 _ .
Need to dredge 1.23’ Desired Depth: 42 Need to dredge 1°
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Applications

Hurricane Katrina

Inconsistent use of datums

Mean Low Gulf Datum # Local Mean Sea Level

Epochs were not referenced

Lead to disjointed system of levees

USACE are updating guidance and
re-evaluating projects

+NOAA Images
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Applications
Preparing for an Update

Document Plan Stay Informed

Follow National Ocean

Save all metadata, including Ensure projects are ready for . _ _
data sources, publication this change. Service on social media

dates, epochs, and and emalll
reference datums. tide.predictions@noaa.gov.
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NATIONAL OCEAN SERVICE

Review

Source: NOAA Images



Review

Explain factors that
influence tides and their
predictions

Explain the significance and

usage of different datums

Identify common tidal
datums used in the United
States

Understand the process for
and importance of updating
the NTDE

Emphasize the importance
of checking datum
metadata

Recognize the impacts of
the new NTDE
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Questions?

tide.predictions@noaa.gov



