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SEATTLE, PUGET SOUND, WA
VARIATIONS IN MEAN RANGE OF TIDE: 1900 – 1996

Due to the 19-year cycle of “Regression of the Moon’s Nodes”
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Use of 19 Year and 5 Year Tidal Epochs Deliver

Meaningful Tidal Datums to User Communities



TYPES OF TIDE STATIONS


 
Control


 
Long‐term stations (several years) with accepted 

 tidal datums



 
Primary and Long‐term Secondary



 
Monitoring for sea level trends


 

Subordinate


 
Secondary stations (>=1 yr & <19 yrs)



 
Tertiary (<1 year)



Tidal Datum Calculation

Method of Comparison of Simultaneous 
 Observations is a two‐step process:

1.

 
Compute the differences and/or ratios in the tidal parameters and 

 differences in mean values between short‐term and control stations 

 over the period of simultaneous comparison.

2.

 
Apply the differences and ratios computed above to the NTDE 

 Accepted Values at the control station.  This provides equivalent 

 NTDE values for the short‐term station.



Choose Control Station

Example


 

Subordinate 
 Station ID: 

 8448725


 

Subordinate 
 Station Name: 

 Menemsha 
 Harbor, MA



Requirements for a Control Station


 

Close to the subordinate


 

Similar tidal characteristics


 

Long term station (ideally 19 years)


 

Simultaneous water level data

Two possible candidates for control – which one?


 

Providence, RI (8454000)


 

Newport, RI (8452660)



Menemsha Harbor

Newport

Providence



Water Level Data Availability

Water level data available for datum computation


 

Menemsha Harbor:
 

06/2008 – Present


 

Newport:
 

10/1930 ‐
 

Present


 

Providence:
 

06/1938 ‐
 

Present



Classification of Tide Types at Water Level Stations with Accepted Datums



Tidal Characteristics

Tide type from harmonic results: (K1+O1)/(M2+S2)


 
>1.5 Diurnal  


 

<=1.5 Semidiurnal/Mix


 
<0.25 Semidiurnal


 

Menemsha
 

Harbor: 0.245


 
Newport: 0.181


 

Providence: 0.165



Simultaneous Data Plot

Menemsha

Newport



The Bodnar Report

Bodnar (1981), drawing upon Swanson (1974) applied regression 
equations estimating the accuracy of computed datums

Bodnar developed formulas for 
Mean Low Water (MLW) and Mean High Water (MHW).  

The 3 Month equation for Mean Low Water is presented below.

Error   =   0.0043  ADLWI +  0.0036  SRGDIST +  0.0255  MNR +  0.029

ESTIMATING ACCURACIES OF TIDAL DATUMS 
FROM SHORT TERM OBSERVATIONS



Bodnar
 

Analysis

S3M   =   0.0043  ADLWI  +  0.0036  SRGDIST  +  0.0255  MNR  +  0.029

ADLWI : average difference between low water intervals
SRGDIST: square root of the distance between stations
MNR: mean range of the tide signal



Newport is chosen for the following 
 reasons


 

Long term observation


 
Simultaneous water level data


 
Similar tidal characteristics


 
Smaller Error ‐

 
Bodnar

 
value



Tidal Datum Computation
First Reduction (FRED): Average of all data.


 

Monthly Mean Comparison: collected water level 
 data is long enough to allow monthly mean to be 

 computed


 
Modified Range Ratio Method



 
Standard Method



 
Direct Method


 

Tide‐By‐Tide
 

Comparison: monthly mean is not 
 available



 
Modified Range Ratio Method



 
Standard Method



 
Direct Method



Modified‐Range Ratio Method
 East and Gulf Coasts and Caribbean Island Stations



 
MLW = MTL ‐

 
(0.5 x Mn)



 
MHW = MLW + Mn



 
MLLW= DTL ‐

 
(0.5 x Gt)



 
MHHW = MLLW + Gt

Standard Method
West Coast and Pacific Island stations



 
MLW = MTL ‐

 
(0.5 x Mn)



 
MHW = MLW + Mn



 
MLLW= MLW ‐

 
DLQ



 
MHHW = MHW + DHQ

DHQ

DLQ



Modified‐Range Ratio Method for 
 Monthly Mean Comparison

 East Coast, Gulf Coast and Caribbean Island
 Semidiurnal and Diurnal

Charleston



Port Pulaski

Charleston

Subordinate

Control



Modified‐Range Ratio Method


 

MLW = MTL ‐
 

(0.5 x Mn)


 
MHW = MLW + Mn


 
MLLW= DTL ‐

 
(0.5 x Gt)


 

MHHW = MLLW + Gt


 

MTL, MN, DTL and GT have to be 
 determined before computing MLW, MHW, 

 MLLW, and MHHW



Computation Flow of Monthly Mean 
 Comparison

Monthly Mean of each datum at Subordinate
Monthly Mean of each datum at Control

Average difference/Ratios between Monthly Mean of each 
datum between subordinate and control

Use the average difference/ratios as corrector to adjust 
accepted 19-year datums at control station to derive 19-year 
datums at subordinate



Simultaneous Comparison of MTL

1983-2001



Presently Accepted 19‐year Epoch 
 Datum at Control Station

Accepted Datums



MTL

2.119 = 1.622 + 0.497



DTL

2.137 = 1.643 + 0.494



MN 

2.146 = 1.606 x 1.337



GT

2.325 = 1.768 x 1.315



Results


 
MLW = MTL ‐

 
(0.5 x Mn)


 

MHW = MLW + Mn


 

MLLW= DTL ‐
 

(0.5 x Gt)


 

MHHW = MLLW + Gt



Standard Method
 West Coast and Pacific Island

 Mix Tide

DHQ

DLQ



Standard Method


 

MLW = MTL ‐
 

(0.5 x Mn)


 
MHW = MLW + Mn


 
MLLW= MLW ‐

 
DLQ


 

MHHW = MHW + DHQ


 

MTL, MN, DHQ and DLQ have to be 
 determined before computing MLW, MHW, 

 MLLW, and MHHW



Tidal Datum Computation


 

First Reduction of a 19+ year time series 


 

Monthly Mean Comparison


 
Modified Range Ratio Method



 
Standard Method



 
Direct Method


 

Tide‐By‐Tide
 

Comparison


 
Modified Range Ratio Method



 
Standard Method



 
Direct Method



TBYT Simultaneous Comparison of 
 Highs and Lows



Computation Flow of Tide‐By‐Tide 
 Comparison

Average differences of the Highs at the 
subordinate and control as well as the 
differences of their lows

Use the differences/ratios as corrector to 
adjust accepted 19-year datums at control 
station to derive 19-year datums at 
subordinate

Monthly Mean of each datum at Subordinate
Monthly Mean of each datum at Control

Differences/Ratios between Monthly 
Mean of each datum between 
subordinate and control

Use the differences/ratios as corrector 
to adjust accepted 19-year datums at 
control station to derive 19-year 
datums at subordinate

Monthly Mean Comparison
Tide-By-Tide Comparison

Averages differences/Ratios of each datum 
between subordinate and control

Mean of each datum at Subordinate





http://tidesandcurrents.noaa.gov/pub.html
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