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QUICK FACTS  
 

• Of the vegetated tidal habitat categories in Great Bay, S. alterniflora has by far the greatest 
elevation growing window associated with it. 

• Average elevation of the four habitat categories that form the high marsh plateau range from 1.17 
to 1.28m meters above NAVD88, an extremely narrow difference of just 0.11m, or 4.3 inches.  

• The growing window associated with high marsh plants is also very narrow spanning just 0.52m, or 
1.7 feet NAVD88. 

• Datums from the NOAA tide station that was deployed for two growing seasons at the mouth of the 
Squamscott River broadly agree with ecotone boundaries found by looking at vegetation elevations 
at sites around Great Bay. 

 

 

Average elevation and conservative growing window of tidal wetland vegetation in Great Bay, NH. 
Data is averaged from 764,994 half meter square cells, each cell containing multiple lidar point 
returns. The growing range, shown by grey lines for each habitat category, represents the 10th and 
90th quantile values associated with each mean. 

 

 

 

 

Recommended Citation: Stevens, Rachel A., H. Jamieson Carter and Christopher R. Peter. 2022. An Ecological 
Approach to Designing Salt Marshes. Tidal Wetland Vegetation Elevation and Ecotone Boundaries in Great Bay, 
New Hampshire. Great Bay National Estuarine Research Reserve Technical Report. 24pp. 
greatbay.org/science/habitat-science/  

High marsh habitat categories 
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INTRODUCTION 

Tidal wetland systems are important transitional habitats between the ocean and land. Salt marshes in 
particular provide essential functions and values. They support healthy fisheries, protect shorelines from 
erosion, reduce flooding, protect water quality, and provide essential fish and wildlife habitat. 

At this time co-located high resolution Coastal Change Analysis Program (C-CAP) tidal habitat data and 
high resolution light detection and ranging (lidar) data are unique to New Hampshire. Assessing whole 
marsh systems helps determine marsh health and resilience.  The relative proportion of high to low 
marsh can indicate if a marsh is keeping up with sea level rise or if it is experiencing coastal squeeze. 
Additionally, the US Geological Survey has shown that larger proportions of Unvegetated to vegetated 
marsh areas, referred to as the unvegetated to vegetated ratio (UVVR) across an entire marsh system 
indicates vulnerability to ongoing marsh loss.  

Four marshes within Great Bay National Estuarine Research Reserve (GBNERR) were mapped to create 
high resolution habitat data and high resolution lidar in relation to local vertical control infrastructure 
that was established for this project. Combination of these two datasets indicates elevation ranges of 
plant species assemblages and ecotone boundaries within the Great Bay Estuary.  These data can be 
used to support restoration and adaptation project design and for verification of models of marsh 
migration and adaptation to climate change.  
 

VERTICAL CONTROL INFRASTRUCTURE 

Most vertical control points, or bench marks, are associated with built infrastructure. To facilitate 
accurate elevation measurements in marsh systems around Great Bay staff from the National Geodetic 
Survey, NOAA, the NH Department of Transportation and GBNERR recovered existing control points and 
established new points in or close to marshes in 2010 (Figure 1).  A second campaign by NOAA and 
GBNERR staff established deep rod elevation markers at four sites in marshes close to the mouth of the 
Squamscott River in 2016 (Figure 2) and new control points in bedrock at Bunker Creek in Durham and 
Glenn Cove in Newington in 2019 (Figure 1). 

 

Figure 1. Spatial relationship of newly 
established and recovered control 
points associated with marshes 
around Great Bay. 

 

Recovered control point 
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TIDAL DATUMS 

A full description of tidal datums is included in Appendix 1. In 2018 and 2019 a NOAA Sutron NOS G3 
Hydrographic P/N 3102-0000-1 water level sensor was deployed on a custom built platform adjacent to 
the Squamscott River train trestle (43.052728, -70.912456 decimal degrees) from March through 
November. This allowed the establishment of local tidal datums for the southern region of Great Bay 
estuary (Peter et al. 2022, Appendix 2). The closest NOAA long-term station is at Fort Point at the mouth 
of the Piscataqua River which has a larger tidal range than Great Bay. It was established in 1976, with 
the present installation operating since 2014, and has a mean high water datum of 2.73 meters relative 
to mean lower-low water. These tide gauges augment shorter term water level deployment at four 
stations which were used to create a tidal prediction model for Great Bay (Denney 2012). The local 
mean high water level is reflected by the high marsh low/marsh interface in tidal wetlands. 

 

Figure 2. Location of NOAA tide 
station and associated control points. 

 

Figure 3. Sample 
output from the 
Squamscott River tide 
station.  

NOAA/NOS/Center for 
Operational 
Oceanographic 
Products and Services. 
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SITES 

Four sites were included in this study. All are Wildlife Management Areas owned and managed by the 
NH Fish and Game Department located within Great Bay National Estuarine Research Reserve.  

 

S ite  Dec im al Degrees  Acres  
1.  Bu nker  Creek,  Dur ham -70.8875  43.1363  13.22  
2.  G lenn Cove,  Newington -70.8329  43.0608 8.86  
3.  GB DC, Green land and  Str atham  -70.9001  43.0561 23.62  
4.  Stevens Farm,  Strath am  -70.9196  43.0419 21.81  

 Tota l  67.51  
Figure 4. Location map of the four study sites. 
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HIGH RESOLUTION TIDAL WETLAND HABITAT DATA 

High resolution habitat mapping was completed to establish a baseline data set to track statewide tidal 
wetland change over time. It focuses on salt marsh system response to relative sea level rise, 
documenting both changing quality and quantity of these habitats. It was created by the National 
Oceanic and Atmospheric Administration’s (NOAA’s) Office for Coastal Management and Great Bay 
National Estuarine Research Reserve with assistance from the NH Coastal Program. Detailed habitat 
descriptions are in Appendix 3. 

Habitat maps were derived from high resolution (1ft) imagery acquired by the Piscataqua Region 
Estuaries Partnership during low tide on August 24, 2013. The data set used 4 band multispectral aerial 
orthoimagery in combination with data collected through the Lidar for the NorthEast project (2011). 
Orthoimagery was pre-processed into spectral indices and band derivatives. Lidar data were processed 
into elevation models, surface models and tidal layers. The mapping methodology employed an Object 
Based Image Analysis approach. Image segmentation was performed using Trimble's eCognition 
Developer software package. The resulting image objects were classified using modeling routines which 
leveraged existing wetland datasets along with field samples collected in July 2016 prior to the mapping 
effort. A new set of image objects were derived within the salt marsh extent boundary. The resulting 
image objects were classified into habitat classes using a Random Forest classifier.  

Draft maps were created in 2015 and iterative improvements were made based on field verification and 
expert review by staff from The Nature Conservancy NH Chapter, NH Coastal Program, UNH, NH Fish 
and Game department and GBNERR. Logical rule sets and contextual modeling were used to improve 
and refine the habitat classification. Anomalies in the classification that were not addressed through the 
automated processes were corrected through manual editing.  

A final accuracy assessment was completed by stewardship staff at GBNERR in 2018. There were 327 
total points distributed across the state with the product having an overall accuracy of 92% (Table 1).  

High resolution habitat data is available on the NH Coastal Viewer at nhcoastalviewer.unh.edu and can 
be downloaded via NOAA’s Digital Coast coast.noaa.gov/digitalcoast/data/ccapsalthabitat.html 

 

Table 1. Accuracy assessment for habitats included in New Hampshire’s high resolution tidal wetland 
mapping data.  
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Figure 5. Example photograph and corresponding high resolution habitat data.  
 

 

 

 
 

Kevin Lucey photo 

Figure 6. High 
resolution tidal 
wetland habitats and 
their associated tidal 
datums. 
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Table 2. Marsh habitat groupings. Table created by Kevin Lucey, NH Coastal Program. 

 
 

 

 

Figure(s) 7. High resolution tidal wetland habitat data for each of the four study sites.  
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Figure(s) 7. High resolution tidal wetland habitat data for each of the four study sites.  
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HIGH RESOLUTION HAB ITAT DATA INDICATING MARSH RESIL IENCE TO SEA LEVEL R ISE  

Assessment of metrics in the categories of marsh current condition, vulnerability to relative sea level 
rise, and adaptation potential can determine its overall resilience. Key aspects of the high resolution 
tidal wetland data that can be used to indicate resilience include the proportion of high to low marsh, its 
unvegetated to vegetated ratio and the presence of invasive Phragmites.   

 

Figure 8. Component categories of marsh resilience to relative sea level rise. 
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Proport ion of  High to  Low Mar sh  

The interface of high and low marsh falls at the local Mean High Water (MHW) line. The relative 
proportion of each is an important metric that indicates if a marsh is keeping up with sea level rise. If it 
is experiencing coastal squeeze, which takes place when a marsh’s landward retreat in response to sea 
level rise is blocked by anthropogenic structures or high topography, the relative proportion of low 
marsh increases. This is due to a decrease in elevation capital relative to local mean sea level, that 
causes a marsh to experience increased flooding that leads to plant stress and conversion of high marsh 
to low marsh that ultimately convert to intertidal mudflat and subtidal habitats (Cahoon et al. 2018). 
High marsh habitat categories include high marsh mix, J. geradii, S. patens/D.spicata and short form S. 
alterniflora. Low marsh is comprised of tall form S. alterniflora. Other habitat categories were not 
included in this specific analysis (Table 3 and Figure 8). Bunker Creek is experiencing significant coastal 
squeeze compared to the other marshes (Table 3). Over 80% of the Bunker Creek marsh is low marsh 
and so below MHW. The other three sites are each comprised of just under a third low marsh so are 
currently keeping up with, and adapting to, sea level rise. 

Table 3. The relative proportion of high marsh and low marsh at each site.  
 

Site  Tota l  mar sh 
plateau  (acres)  

Low m arsh 
(%)  

High mar sh 
(%)  

1.  Bu nker  Creek,  Dur ham 8.57  83.20  16.80  
2.  G lenn Cove,  Newington 5.76  33.16  66.84  
3.  GB DC, Green land and  Str atham  10.44  31.32  68.68  
4.  Stevens Farm,  Strath am  12.36  28.92  71.08  

 

   

   

   

Figure(s) 9. The spatial distribution of  high marsh and  low marsh at each site. Bunker Creek, 
site “1” is experiencing significant coastal squeeze while the other sites are currently keeping up with 
relative sea level rise. 

1 

 

2 

 

3 

 

4 
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Un vegetated to Vegetated Rat io  (UVVR)  

Assessment of the UVVR of a marsh has been shown to be an indicator of its vulnerability to relative sea 
level rise as this metric is highly correlated with a marsh’s net sediment budget (Ganju et al. 2017). A 
sediment surplus may result in vertical growth of a marsh while a deficit will likely result in erosion. The 
UVVR was calculated for each Marsh Unit our study sites are located within. In the Ganju study it was 
determined that marshes with a UVVR above 0.1 are unstable and are at a tipping point to drowning 
and/or lateral contraction. Compared to southern New England and the Mid-Atlantic, New Hampshire 
marshes are in relatively good shape and none of our study sites came close to this tipping point. 

Table 4. The UVVR of each Marsh Unit the study sites are located within.  
 

Site  UVVR 
1.  Bu nker  Creek,  Dur ham 0.05  
2.  G lenn Cove,  Newington 0.02  
3.  GB DC, Green land and  Str atham  0.06  
4.  Stevens Farm,  Strath am  0.03  

  
 

   

   
 

Figure(s) 10. The unvegetated to vegetated ratio of each site indicating vulnerability to relative sea level 
rise based on net sediment budget. Marsh Unit boundaries are shown in yellow. 
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UVVR = 0.05 

 

UVVR = 0.02 
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UVVR = 0.06 
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UVVR = 0.03 
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Phragmites  

Phragmites australis is an invasive plant that affects the current condition of a marsh and is often the 
focus of restoration projects. However, there is a much less common subspecies, Phragmites australis  
subspp. americanus that is native to parts of the United States and Canada. There are two native stands 
currently known in New Hampshire, one of which is located at site 3, the Great Bay Discovery Center in 
Greenland and Stratham so this is a feature that contributes positively to the marsh’s current condition. 
There are also a couple of small invasive populations on this property that lie outside area of interest of 
the study site. These stands, along with the small amount of invasive Phragmites found at the other sites 
contribute negatively to current condition (Phragmies shown in yellow in Figures 7). 

Table 4. The UVVR of each Marsh Unit the study sites are located within.  
 

Site  Tota l  area of  
Phragmites  (acres)  

Invas ive or  nat ive?  

1.  Bu nker  Creek,  Dur ham 0.12  Invas ive  
2.  G lenn Cove,  Newington 0.35  Invas ive  
3.  GB DC, Green land and  Str atham  2.15  Nat ive  
4.  Stevens Farm,  Strath am  0.04  Invas ive  

     

HIGH RESOLUTION LIDAR ELEVATION DATA 

High resolution lidar data were collected using Unmanned Aircraft Systems (UAS) in May 2019. NOAA’s 
Office for Coastal Management contracted ARE-AirShark and Quantum Spatial to collect and process the 
lidar data to meet ridged quality specifications. The contract required collection of at least 8 points per 
square meter (pts/m2) but the UAS actually collected over 400 pts/m2 resulting in ground classified point 
densities exceeding pts/m2. These were used to create 0.5m resolution Bare Earth Digital Elevation Models 
which show the ground with all vegetation and anthropogenic structures removed. Non-vegetated vertical 
accuracy was assessed using 20 ground check points. These check points were not used in calibration or post 
processing of the lidar point cloud data, tested at 95% confidence level at 0.082 m, and had a vertical root 
mean square error (RMSE) of 0.04m (Quantum Spatial 2019). Vertical control points established by GBNERR 
were used to deploy base station GPS units during lidar collection at each marsh site. 

 

Figure 11. One meter example Great Bay lidar point cloud cross section.  

 

Quantum Spatial graphic 
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Figure(s) 12. Lidar bare 
earth models for each site 
colored by elevation. Blue 
being lowest, dark brown 
highest. Actual data is much 
more detailed. For example, 
at site 4 you can easily see 
the furrows of a plowed 
field. 
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SITE ELEVATION DISTRIBUTIONS 

When the distribution pattern of elevation data for each site is plotted relative to key tidal datums 
(Figure 13), the spatial extent of high marsh relative to low marsh in Figures 9 is explained. The majority 
of marsh vegetation at the Bunker Creek (site 1) is below the MHW mark while the other three sites are 
much more evenly distributed on either side of this tidal datum. Consequently Bunker Creek is 
experiencing significant coastal squeeze while the other three sites are currently keeping up with 
relative sea level rise.  

 

 

 

Figure 13. The distribution of marsh elevations at each site relative to key tidal datums.  

 

PUTTING IT ALL TOGETHER: ELEVATION OF TIDAL HABITATS AND 
SALT MARSH PLANT GROWING WINDOWS IN GREAT BAY 

By integrating the high resolution habitat and lidar data we can determine the average height and 
elevation range for each tidal habitat within Great Bay (Figure 14 and Table 5). Data is calculated from 
1,320,083 half meter square cells, each cell containing multiple lidar point returns. Using all data points 
independent of site gives results that are representative of the Great Bay system as a whole. The 10th 
and 90th quantile values associated with each mean were used to calculate conservative elevation 
ranges for each habitat category. For vegetated habitats, this represents its ideal growing window, while 
the maximum and minimum values (Appendix 4) extend the growing window into elevations where it is 
possible for plants to grow but where they may not necessary thrive.  

 

Jamie Carter graphic 
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Figure 14. Average height and conservative elevation range of tidal habitats in Great Bay. Data is averaged 
from 1,320,083 half meter square cells, with each cell containing multiple lidar point returns. The growing 
range, shown by grey lines for each habitat category, represents the 10th and 90th quantile values associated 
with each mean. 

 

Table 5. Average height and elevation range of tidal habitats in Great Bay. 

 

 

 

 

 

Metric Mudflat Low marsh Short form 
alterniflora 

High marsh, 
S.patens/D. 
spicata 

High marsh mix 

Count (# 0.5m cells) 415790 281960 105358 248458 45151 

Average elevation (NAVD88 m) -0.04 0.3 1.17 1.19 1.22 

10th Quantile (NAVD88 m) -0.75 -0.37 0.94 1.00 1.19 

90th Quantile (NAVD88 m) 0.92 0.86 1.33 1.36 1.35 

Std deviation (NAVD88 m) 0.50 0.46 0.20 0.20 0.17 

Total area (m2) 103947.50 70489.25 26339.50 62114.50 11287.75 

 Metric High 
marsh, J. 
geradii 

Panne Pool Brackish 
marsh 

Phragmites 
australis 

Terrestrial 
border 

 Count (# 0.5m cells) 2995 22484 138 20659 43181 17232 
 Average elevation (NAVD88 m) 1.28 0.76 0.64 1.35 1.31 1.44 
 10th Quantile (NAVD88 m) 1.10 -0.40 0.34 1.14 1.07 1.25 
 90th Quantile (NAVD88 m) 1.46 1.31 1.17 1.52 1.54 1.53 
 Std deviation (NAVD88 m) 0.11 0.64 0.45 0.15 0.17 0.16 
 Total area (m2) 748.75 5621.00 34.50 5164.75 10795.25 4308.00 
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Tidal habitats generally increase in elevation as they progress inland from the water’s edge to the 
upland (Figure 14). The exceptions are pannes and pools, natural depressions within the high marsh 
plateau. On average across all sites, pools in Great Bay are just slightly deeper than pannes. This fits the 
definition to distinguish between them as pannes frequently dry out while the deeper pools do so rarely 
and consquently can support fish and widgeon grass (Ruppia maritima) whereas pannes do not.   

Of the vegetated tidal habitat categories in Great Bay, S. alterniflora has the greatest elevation range 
associated with it. This is because it is the only plant species that can tolerate twice daily flooding. 
Additionally, winter ice causes chunks of low marsh to slough off at the water’s edge along and deep 
crevasses occur within this habitat.  

Average heights of the four habitat categories that form the high marsh plateau (Figure 6) fall within an 
extremely narrow elevation window of just 0.11m, or 4.3 inches, above NAVD88. The growing window 
associated with high marsh plants is also very narrow. Just 0.52m, or 1.7 feet, NAVD88 spans all four 
habitat categories. Within the high marsh plateau, short form alterniflora generally grows at lower 
elevations as it is found around panne and pool edges which are depressions in the marsh.  

Brackish marshes and Phragmites stands grow at elevations just above the high marsh and below the 
terrestrial border. This analysis includes stands of both native and invasive Phragmites. Both build soil 
elevation due to rhizomes and their plant material falling to the ground and decaying, but the invasive 
variety can raise the marsh surface elevation quicker due to its more vigorous growth. 
 

ECOTONE B OUNDARIES IN GREAT B AY   
 
An ecotone is a region of transition between two biological communities. These are particularly 
recognizable in salt marshes, a habitat with distinct plant zonation, as ecotones are strongly associated 
with local tidal datums. For site-specific restoration and adaptation purposes these broad ecotone 
boundaries may be all that is needed for project design, rather than drilling down to the level of all 
individual habitat categories. In tidal marshes the ecotone boundary between mudflat and subtidal 
habitat lies at MLW, mudflat and low marsh at MTL, low marsh and high marsh at MHW and the marsh 
and upland interface at HAT (Figure 15).  
 
Although only recording water levels at the southwest portion of Great Bay, datums from the NOAA tide 
station that was deployed at the mouth of the Squamscott River broadly agree with ecotone boundaries 
found by looking at vegetation elevations at the four sites around Great Bay (Figure 16). While the 
subtidal and mudflat ecotone boundary does not overlap with MLW well, this is not surprising as the 
topographic UAS lidar sensor was not designed to penetrate the water column to capture the full extent 
of the mudflat. Consequently the open water ecotone in Figure 16 shows higher than it is in reality. In 
contrast, the MTL at the Squamscott is very close to the ecotone boundary between mudflat and low 
marsh calculated using vegetation elevations and the MHW datum tightly agrees with the high marsh  / 
low marsh ecotone boundary. Finally, all tidal wetland habitat classes fall below the Max Tide height of 
1.75m NAVD88 calculated at the Squamscott River. 
 

A BRIEF  ECOLOGICAL EXPLANATION  

Elevation, and consequently the level of water inundation and flooding frequency, is the primary driver 
of ecotone distribution within tidal marsh systems. However, within marsh ecotones, plant morphology, 
physiology, and phenology broadly determine species spatial patterns.  
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Figure 15. Ecotone boundaries and their associated tidal datums. Elevation, and consequently exposure 
to flooding, is a primary driver of ecotone distribution within tidal marsh systems. 
 

 

 

Figure 16. Tidal wetland ecotones and associated tidal datums recorded at the mouth of the Squamscott 
River in Great Bay. 
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Spartina alterniflora is the only plant species that can tolerate being flooded twice daily by tides. It can 
survive in the low marsh because it contains aerenchymal tissue, an internal pathway of air spaces. This 
means air can flow from the tips of the leaves to the ends of the roots allowing plants to oxygenate the 
soil. Dense stands of S. alterniflora do better than sparse areas because the increased oxygen makes the 
soil more hospitable (Bertness 1992). 

When wrack is deposited on the high marsh, over time, it usually shades out and kills the vegetation 
underneath. This creates bare spots of mud that are fully exposed to the sun causing extreme 
evaporation and hypersaline conditions. Salicornia spp. are the most salt tolerant plants in the high 
marsh so are the first to colonize these recently denuded areas.  

Next along the successional chain in the high marsh comes Distichlis spicata, demonstrating plant 
morphology can affect competitive ability. This plant species has stems that are separated by long 
underground rhizomes and above ground runner systems making it a relatively sparsely growing species, 
but one well adapted to spreading into new areas. New stems can colonize relatively saline sites 
because they connect via rhizome to receive water from surrounding plants growing in less saline soil. 
As D. spicata begins to shade the soil it reduces evaporation, and consequently salinity, so allowing 
Spartina patens and Juncus geradii to begin to move in. 

J. geradii and S. patens have dense turf root systems which take longer to establish, but within two to 
four years they ultimately outcompete the colonizing species (Bertness and Pennings, 2000). J. geradii 
can outcompete Spartina patens in the high marsh closest to the terrestrial border by emerging much 
earlier in the spring.  

 

BEYOND ELEVATION: OTHER MARSH CHARACTERISTICS THAT HELP 
CREATE RESILIENT MARSHES 
 

No marsh, and consequently restoration or adaptation project, is an island. The landscape each tidal 
wetland sits within influences its current and future condition. The amount of agriculture in a watershed 
may influence nitrogen input and runoff to a marsh while high amounts of impervious surface also 
increases runoff and potential marsh erosion and/or input of pollutants. These negative factors are 
mitigated by the amount of natural land cover within a watershed as deep-rooted vegetation can slow 
down run off and absorb pollutants. 
 
Landscape setting also determines future marsh condition and resilience. Squeezed between rising seas 
and landward development, many tidal marshes in New Hampshire are in danger of experiencing coastal 
squeeze and disappearing. If a marsh abuts a low lying area of land that is a marsh migration pathway, it 
will move inland and keep up with relative sea level rise if local sediment supply is sufficient. Migration 
pathway size is a major determinant of how long a present-day restoration or adaptation project might 
be sustained into the future, and so how cost effective contemporary investment will be over the years.  
 
Beyond the size of marsh migration space, land cover type within this low-lying upland edge determines 
how easily a tidal wetland can migrate inland (Anderson and Barnett, 2017). For example, it is much 
easier for a salt marsh to spread into a neighboring brackish or freshwater marsh as sea level rises than it 
is to flow into a low lying developed area such as a parking lot. Considering a marsh in context of its 
watershed and migration pathway allows long term planning and a holistic consideration of its resilience. 
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Figure 17. A tradeoff between salinity and other stressors (e.g., anoxia, sulfides and pH) versus plant 
competition largely determines plant spatial distributions in a salt marsh.  
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APPENDICIES 

1. TIDAL DATUM DESCRIPTIONS  

These definitions can be found at NOAA’s Center for Operational 
Oceanographic Products and Services Tides and Currents website 
tidesandcurrents.noaa.gov/datum_options.html 

 

HAT 
Highest Astronomical 
Tide 
 

The elevation of the highest predicted astronomical tide expected to occur at a specific 
tide station over the time period of 40 years 

Max Tide 
Highest Observed Tide 
 

The maximum height reached by a rising tide. The high water is due to the periodic tidal 
forces and the effects of meteorological, hydrologic, and/or oceanographic conditions. 

MHHW 
Mean Higher High 
Water 

The average of the higher high water height of each tidal day observed over the National 
Tidal Datum Epoch. For stations with shorter series, comparison of simultaneous 
observations with a control tide station is made in order to derive the equivalent datum 
of the National Tidal Datum Epoch. 
 

MHW 
Mean High Water 

The average of all the high water heights observed over the National Tidal Datum Epoch. 
For stations with shorter series, comparison of simultaneous observations with a control 
tide station is made in order to derive the equivalent datum of the National Tidal Datum 
Epoch. 
 

MTL 
Mean Tide Level 

The arithmetic mean of mean high water and mean low water. 
 

MLW 
Mean Low Water 

The average of all the low water heights observed over the National Tidal Datum Epoch. 
For stations with shorter series, comparison of simultaneous observations with a control 
tide station is made in order to derive the equivalent datum of the National Tidal Datum 
Epoch. 

  
  

NOAA/NOS/CO-OPS graphic 

Please note, values in this graphic 
are shown relative mean low low 
water (MLLW) whereas values for 
the Squamscott tide station in 
Appendix 2 are shown relative to 
NAVD88. 
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2. SQUAM SCOTT TIDE STATION DATA  

 

 

 GBNERR Tide station Fort Point 
Year(s) 2017 2018a 2018b 2019 Average 1983-2001 
MHHW 1.056 1.052 1.048 1.072 1.057 1.339 
MHW 0.942 0.938 0.944 0.941 0.941 1.209 
DTL -0.077 -0.076 -0.091 -0.076 -0.080 -0.092 
MTL -0.101 -0.102 -0.101 -0.107 -0.103 -0.106 
MSL -0.080 -0.084 -0.085 -0.089 -0.085 -0.095 
MLW -1.143 -1.142 -1.146 -1.156 -1.147 -1.421 
MLLW -1.211 -1.204 -1.231 -1.223 -1.217 -1.524 
DHQ 0.114 0.114 0.104 0.131 0.116 0.130 
DLQ 0.067 0.062 0.085 0.068 0.071 0.102 
GT 2.266 2.256 2.279 2.295 2.274 2.863 
MN 2.086 2.080 2.090 2.097 2.088 2.631 

 

Calculated tidal datums referenced to NAVD88 (m) for the Great Bay tide station (each data block and 
average) and the nearest NOAA CO-OPs stations (Fort Point, NH). MHHW = mean higher-high water, MHW 
= mean high water, DTL = mean diurnal tide level, MTL = mean tide level, MSL = mean sea level, MLW = 
mean low water, MLLW = mean lower-low water, DHQ = mean diurnal high water inequality, DLQ = mean 
diurnal low water inequality, GT = great diurnal range, MN = mean range of tide. Tables by Chris Peter. 
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3.  DETAILED HAB ITAT DEFINIT IONS FOR THE HIGH RESOLUTION TIDAL WETLAND M APPING 
PROJECT 
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4. SUMM ARY ELEVATION DATA B Y S ITE AND HAB ITAT CLASS  

Site Metric Total # 
polygons 

Open 
water 

Mudflat Low 
marsh 

Short form 
alterniflora 

High marsh, 
S.patens/D. spicata 

High 
marsh 
mix 

Bunker 
Creek 

# habitat polygons 71 6 16 10 4 4 9 

Count (# 0.5m cells)   52972 58124 115415 413 22211 749 

  Average elevation (NAVD88 
m)   -0.83 -0.09 0.38 0.71 0.98 0.96 

  Max elevation (NAVD88 m)   1.40 5.45 3.19 1.38 1.93 1.49 
  Min elevation (NAVD88 m)   -1.38 -1.15 -1.05 -0.02 -0.30 0.04 
  Std deviation   0.10 0.22 0.28 0.19 0.19 0.11 
  Total area (m2)   13243.00 14531.00 28853.75 103.25 5552.75 187.25 

Glenn 
Cove 

# habitat polygons 226 7 28 55 35 24 59 
Count (# 0.5m cells)   9733 177207 30866 27386 20753 14136 

  Average elevation (NAVD88 
m)   0.12 0.12 0.19 1.12 1.13 1.16 

  Max elevation (NAVD88 m)   1.31 1.79 1.74 1.79 1.80 2.14 
  Min elevation (NAVD88 m)   -0.40 -1.17 -0.49 -0.33 -0.47 -0.34 
  Std deviation   0.19 0.14 0.22 0.17 0.13 0.16 
  Total area (m2)   2433.25 44301.75 7716.50 6846.50 5188.25 3534.00 

GBDC # habitat polygons 363 - 1 8 56 89 120 
  Count (# 0.5m cells)   - 174578 52908 29414 70078 15603 

  Average elevation (NAVD88 
m)   - -0.77 0.03 1.24 1.22 1.23 

  Max elevation (NAVD88 m)   - 1.79 1.28 1.98 2.00 1.37 
  Min elevation (NAVD88 m)   - -1.17 -0.85 -0.34 0.14 0.20 
  Std deviation   - 0.35 0.28 0.05 0.05 0.04 
  Total area (m2)   - 43644.50 13227.00 7353.50 17519.50 3900.75 

Stevens # habitat polygons 378 46 5 31 59 44 156 
  Count (# 0.5m cells)   53972 5881 82771 48145 135416 14663 

  Average elevation (NAVD88 
m)   -0.21 -0.60 0.60 1.15 1.19 1.19 

  Max elevation (NAVD88 m)   1.40 0.51 2.61 1.54 2.46 1.76 
  Min elevation (NAVD88 m)   -1.38 -1.32 -1.20 -0.29 -0.29 -0.39 
  Std deviation   0.15 0.15 0.40 0.07 0.08 0.06 
  Total area (m2)   13493.00 1470.25 20692.00 12036.25 33854.00 3665.75 
ALL 
SITES   1038 59 50 104 154 161 344 

  Count (# 0.5m cells)   116677 415790 281960 105358 248458 45151 

  Average elevation (NAVD88 
m)   -0.24 -0.04 0.32 1.17 1.19 1.19 

  Max elevation (NAVD88 m)   1.37 2.39 2.21 1.67 2.05 1.69 

  Min elevation (NAVD88 m)   -1.05 -1.20 -0.90 -0.24 -0.23 -0.12 

  Std deviation   0.45 0.49 0.45 0.19 0.19 0.17 

  Total area (m2)   29169.25 103947.50 70489.25 26339.50 62114.50 11287.75 
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Site Metric Total # 
polygons 

High marsh, 
J. geradii 

Panne Pool Brackish 
marsh 

Phragmites 
australis 

Terrestrial 
border 

Bunker 
Creek 

# habitat polygons 71 - 14 2 4 2 - 

Count (# 0.5m cells)   - 5896 83 2077 1968 - 

  Average elevation (NAVD88 
m)   - 0.15 0.38 1.19 1.16 - 

  Max elevation (NAVD88 m)   - 0.67 0.48 1.68 1.67 - 
  Min elevation (NAVD88 m)   - -0.75 0.26 0.48 0.21 - 
  Std deviation   - 0.06 0.03 0.13 0.16 - 
  Total area (m2)   - 1474.00 20.75 519.25 492.00 - 

Glenn 
Cove 

# habitat polygons 226 1 9 1 6 1 - 
Count (# 0.5m cells)   59 1552 55 1484 5708 - 

  Average elevation (NAVD88 
m)   1.34 0.75 1.17 1.44 1.09 - 

  Max elevation (NAVD88 m)   1.44 1.36 1.29 1.56 1.59 - 
  Min elevation (NAVD88 m)   1.29 -0.13 1.11 1.31 0.05 - 
  Std deviation   0.03 0.08 0.03 0.03 0.30 - 
  Total area (m2)   14.75 388.00 13.75 371.00 1427.00 - 

GBDC # habitat polygons 363 13 53 - 7 5 11 
  Count (# 0.5m cells)   1048 14794 - 9557 34856 10477 

  Average elevation (NAVD88 
m)   1.30 0.95 - 1.43 1.43 1.44 

  Max elevation (NAVD88 m)   1.57 1.65 - 1.99 2.00 2.02 
  Min elevation (NAVD88 m)   0.85 -0.69 - 0.99 0.30 1.07 
  Std deviation   0.04 0.05 - 0.07 0.07 0.06 
  Total area (m2)   262.00 3698.50 - 2389.25 8714.00 2619.25 

Stevens # habitat polygons 378 13 5 - 8 1 10 
  Count (# 0.5m cells)   1888 242 - 7541 649 6755 

  Average elevation (NAVD88 
m)   1.25 0.43 - 1.29 1.22 1.43 

  Max elevation (NAVD88 m)   1.73 1.24 - 1.79 1.34 2.74 
  Min elevation (NAVD88 m)   0.90 -0.68 - 0.72 1.09 -0.04 
  Std deviation   0.06 0.04 - 0.10 0.06 0.17 
  Total area (m2)   472.00 60.50 - 1885.25 162.25 1688.75 
ALL 
SITES   1038 27 81 3 25 9 21 

  Count (# 0.5m cells)   2995 22484 138 20659 43181 17232 

  Average elevation (NAVD88 
m)   1.28 0.76 0.64 1.35 1.31 1.44 

  Max elevation (NAVD88 m)   1.58 1.23 0.88 1.76 1.65 2.38 

  Min elevation (NAVD88 m)   1.01 -0.56 0.69 0.87 0.41 0.51 

  Std deviation   0.11 0.64 0.45 0.15 0.17 0.16 

  Total area (m2)   748.75 5621.00 34.50 5164.75 10795.25 4308.00 

 


