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5) Upper Columbia River, OR/WA  
6) Olympia, Budd Inlet, WA 
 
Note: The upper Columbia River uses a different Chart Datum than MLLW called Columbia 
River Datum (CRD) 

Figure 24.  NWLON gaps analysis for the northwest coast and Puget Sound. 
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NWLON GAPS ANALYSIS FOR 
SOUTHEAST ALASKA 

Alaska 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
1) Craig, Bucareli Bay, AK 
2) Snow Passage, AK 
3) Frederick Sound, AK 
4) Glacier Bay, AK 
5) Entrance to Dry Bay, AK 
 
Note:  AK gaps 2,3, and 4 are in areas undergoing rapid uplift due to post-glacial rebound. 

Figure 25.  NWLON gaps analysis for southeast Alaska. 
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NWLON GAPS ANALYSIS FOR 
THE NORTHERN GULF OF ALASKA 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
6) Cape St. Elias, Controller Bay, AK 
7) Cook Inlet Entrance, AK 
8) Tuxedni Bay, AK 
9) Kamishak Bay, AK 
10) Shelikof Straits, AK 

Figure 26.  NWLON gaps analysis for the northern Gulf of Alaska. 



 

 
34 

NWLON GAPS 
ANALYSIS FOR THE 
EASTERN ALEUTIAN 
ISLANDS, ALASKAN 
PENINSULA, AND 
BRISTOL BAY 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
11) Port Wrangell to Chignik Bay, Alaska Peninsula 
12) Aleutian Islands, South Side, Ugamak Strait (Unimak Island?) to Unalaska Island 
13) Aleutian Islands, South Side, Unalaska Island to Atka Island 
14) North Side Unimak Island 
15) Port Moller, Bristol Bay 
16) Kvichak Bay Vicinity 
17) Nushagak Bay 
18) Hagemeister Island Vicinity 
19) Pribilof Islands and Vicinity 
20) Kuskokwim Bay 
 
Not shown in Figure – western Aleutian Islands 
 
21) Amchitka Island 
22) Attu Island 

Figure 27.  NWLON gaps analysis for the eastern Aleutian Islands, Bristol Bay and Alaskan 
Peninsula. 
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NWLON GAPS ANALYSIS FOR  
THE CHUKCHI SEA AND NORTH SLOPE, ALASKA

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
23) Yukon River Delta 
24) Eastern Norton Sound 
25) Eastern Kotzebue Sound: This area transitions form tidal to non-tidal. 
26) Bering Straits 
27) Chukchi Sea, Pt Hope to Pt. Barrow 
28) Pt. Barrow to Prudhoe Bay 
29) Prudhoe Bay to Canadian Border 

Figure 28.  NWLON gaps analysis for the Chukchi Sea and North Slope, Alaska. 
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NWLON GAPS ANALYSIS FOR HAWAII 

Hawaii 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
1) Southeast Point of Hawaii Island, HA 
2) South shore of Kaho O’Lowe Island, HA 

Figure 29.  NWLON gaps analysis for Hawaii. 
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SUMMARY 
A deterministic approach to estimating the areas of NWLON coverage for datum determination 
at nearby subordinate tide stations has been developed.  The approach uses the basic error 
analyses of Swanson (1974) and the regression error analyses of Bodnar (1981) to estimate 
regions of coverage for each individual NWLON station.  Using GIS tools, the information is 
displayed on maps of coverage polygons.  The GIS output is then used to identify geographic 
areas that represent gaps in the NWLON.  The datum error polygons can be used for multiple 
purposes for short-term and long-term management of the NWLP.  This analysis is being used 
for strategic planning and prioritization of locations to establish new NWLON stations as the 
network grows towards the optimum number of stations.  It is being used to make decisions 
regarding utilization of resources for the importance of bringing an NWLON station back on line 
immediately or if a nearby station can be used effectively as a back-up until reconstruction can 
take place.   The analysis results identified approximately 113 gaps in NWLON coverage beyond 
the 200 station deployed as of FY2007.  Forty-three (43) gaps are located along the east coast, 33 
in the gulf coast, 6 gaps on the west coast, 29 gaps in Alaska, and 2 in Hawaii. 
 
The technical approach is also being used to make operational decisions for optimal locations to 
establish stations for hydrographic and shoreline survey support.  A significant advancement is 
that this approach will now be used as a replacement for the broad regional generalized 
accuracies of Swanson with location specific estimates of errors for datum determination at 
subordinate stations.  This effort will allow for more precise error estimates to be input to the 
total error budgets for all applications.   
 
The 113 NWLON gaps, added to the existing 200 NWLON stations, results in an approximate 
target NWLON of 313 stations (excluding any Great Lakes analysis that would identify new 
stations).  As a next step towards adding additional stations to the NWLON, the GIS layers 
created by this effort will be used to evaluate the locations of other Federal, state, and regional 
water level observation networks for possible leveraging and partnership opportunities.   NOAA 
has some key State and federal partners who are or have worked with CO-OPS to establish and 
operate their own local networks that closely match NOS operating standards.  Examples are the 
Florida Department of Environmental Protection (FLDEP) and the Texas Coastal Ocean 
Observing Network (TCOON).  In some instances, stations independently operated by these 
partners are located within NWLON gaps and CO-OPS will work with them to integrate those 
stations into the NWLON.  Other potential partners include the US Army Corps of Engineers 
(USACE) and the US Geological Survey (USGS). 
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NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

-MAINE TO NORTHERN NEW JERSEY- 

APPENDIX 1.  National Water Level Observation Network (NWLON) Station 
Maps as of February 2008 
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NATIONAL WATER LEVEL  
OBSERVATION NETWORK 

 

-SOUTHERN NEW JERSEY TO GEORGIA- 
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NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

-FLORIDA AND ALABAMA- 

NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

--TEXAS, LOUISIANA AND MISSISSIPPI- 
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-PUERTO RICO AND THE U.S. VIRGIN ISLANDS-

NATIONAL WATER LEVEL 
OBSERVATION NETWORK

 

NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

-HAWAIIAN ISLANDS- 
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NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

-CALIFORNIA- 
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NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

-WASHINGTON AND OREGON- 
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NATIONAL WATER LEVEL 
OBSERVATION NETWORK 

 

-ALASKAN PENINSULA 
AND 

ALEUTIAN ISLANDS- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

NATIONAL WATER LEVEL 
OBSERVATION NETWORK 
 

-SOUTHEAST ALASKA- 
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APPENDIX 2.  National Water Level Observation Network (NWLON) Station 
Configuration 
 
All NWLON stations maintain a high degree of accuracy and reliability, and are considered 
“multipurpose”, providing both high rate, real-time data, and long-term sea level trends.   
NWLON station construction is quite robust, and great care is taken in obtaining long-term 
continuous and valid water level data.   Many stations have now been operating continuously for 
over 100 years.  The tide station at San Francisco has been continuously operating for over 150 
years.  The tide houses used to house the equipment are designed to last 30-40 years and 
underwater components are designed to withstand harsh coastal wave and current environments.  
Tide station platforms may be elevated to withstand storm surge.  In colder regions, station 
configurations are designed to withstand ice conditions.  All stations have an associated network 
of bench marks that are surveyed annually to ensure vertical stability of the gauge, and preserve 
a consistent data record in case of slow or sudden vertical movement due to pier deterioration, 
earthquakes, glacial rebound, ship/dock collisions, or station destruction by coastal storms.  If 
destroyed, a new station can be established relative to the same vertical reference datum using 
the established bench mark elevations.  Differential leveling is done on a yearly basis between 
the water level sensor and the bench marks to ensure vertical stability of the sensor relative to the 
land and to ensure the bench marks are vertically stable among themselves.  Efforts are also 
underway to systematically connect all long-term tide stations to the National Spatial Reference 
System (maintained by NOAA’s National Geodetic Survey) where relationships do not currently 
exist between local tidal datums and geodetic vertical datums, such as the North American 
Vertical Datum of 1988 (NAVD88).  Annual routine Operations and Maintenance (O&M) is also 
performed at each NWLON station to make any minor necessary repairs, upgrades, and/or to 
recalibrate the sensors as necessary.  Figure A2-1 illustrates a common NWLON station 
configuration that features both acoustic primary and pressure backup sensors, which is found in 
many locations, particularly along the East and Gulf coasts, and in the Caribbean.  Many Alaska 
NWLON primary gauge configurations feature a dual orifice pressure sensor configuration 
because the severe effects of the ice can destroy the acoustic sensors’ protective wells and also to 
account for the fact that downward looking acoustic sensors cannot measure the correct water 
levels when the water is frozen or ice accumulates in the sounding tube.   At each station one 
data collection platform (DCP) is designated as a primary, and the other as a backup.  At some 
very remote locations a redundant set of DCPs and sensors are installed to reduce data loss.  
Lower precision strain-gauge pressure sensors are typically used for the backup system.  This 
two-DCP configuration has several applications.  Not only do the redundant observations limit 
the potential for data gaps associated with equipment malfunction, but in tsunami station 
configurations, the primary DCP records both 1 and 6 minute averaged water level values, and 
the backup DCP records 6-minute and 15-second averaged water level data which can be 
accessed following an event for modeling applications.  The backup transducer may also be used 
to record extreme high water level events, which may exceed the height of the acoustic sensor.   
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Figure A2 -1. One common NWLON station configuration including acoustic  
and pressure water level sensors with a primary and backup DCP. (NOAA, 2001) 
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