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EXECUTIVE SUMMARY 

The U.S. shift towards offshore wind and renewable energy is very encouraging, 

however, it is critical to ensure this is not done at the expense of marine wildlife and the marine 

ecosystem. We worked to support Project Wildlife and Offshore Wind (WOW), funded by the 

Department of Energy (DOE) and BOEM by conducting an exploratory cross-scale 

characterization of oceanographic data within offshore wind energy areas in the Northeastern 

U.S. Atlantic Coast. We focused on spatial and temporal coverage of Vineyard Wind 1, Empire 

Wind, Atlantic Shores South, and their surrounding regions. Our characterization focuses on 

spatial and temporal coverage that can potentially help downscale existing habitat-based density 

models by identifying when extrapolation is appropriate and guiding more targeted, efficient 

research and monitoring efforts.  

In order to tackle this project, we acquired the following oceanographic data from 

multiple sources: sea surface temperature, chlorophyll A concentration, sea surface height 

anomalies, bottom temperature, wind speed, depth, sediment type, and seabed form. Glider path 

data was also acquired from the U.S. Integrated Ocean Observing System (IOOS) and overlaid 

on top of the study area. The wind lease energy sites were buffered by 10 kilometers prior to any 

calculations in order to remain consistent with other Project WOW analysis. The subregions 

were all cut off at the 500-meter isobath and the New York/New Jersey Bight area was split at 

the Hudson Canyon to subset out the Northern and Southern halves.  

Zonal statistics was conducted to calculate averages or the relative percent coverage of all 

the variables for each study area. The resulting dataset was run through a Pairwise Euclidean 

Distance function in R, and a Multivariate Clustering analysis tool in ArcGIS Pro. The results 

were visualized as maps or heatmaps to provide insight into: 1) What kind of data is available 

within the study area and how is it distributed, 2) Is the available data able to be extrapolated 

from one site or region to another, and 3) Are the field study sites initially chosen by Project 

WOW (Vineyard Wind 1 and Empire Wind) representative of the areas they are in. For this third 

question, we added an additional 18 sites to our dataset and conducted another Multivariate 

Clustering analysis. 
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Key Findings: 

1. Remotely sensed data is similarly available across the study sites, however, glider 

research activity is primarily concentrated in Atlantic Shores South wind farm site, and 

the Southern part of the New York/New Jersey Bight, south of the Hudson Canyon. Data 

collection is not evenly distributed and sites such as Vineyard Wind 1, had very minimal 

glider coverage. This is just for ocean glider data, and does not take into consideration 

other forms of data collection such as research ships or buoys. 

2. Based on the variables we used, the larger regions north of the Hudson Canyon (NY/NJ 

Bight North and Southern New England) seem to be more similar to each other than to 

the region south of the canyon (NY/NJ Bight South). The wind farm sites themselves are 

clustering together, meaning they are more similar to each other than they may be to the 

regions they belong to. This is likely due to offshore wind farms being chosen 

specifically to fit certain criteria. 

3. For the most part, the wind farm sites clustered together geographically. Vineyard Wind 1 

and Empire Wind clustered not only within their regions but also clustered with each 

other. However, there were some discrepancies with a site near Massachusetts clustering 

differently. Additionally, the further south the sites were, the more different they became. 

While this means that for the initial field research, Vineyard Wind 1 and Empire Wind 

have similar environmental conditions, caution needs to be taken when extrapolating out 

to other sites, and especially further south. This analysis has some limitations as only 

oceanographic data was included, there was no ground-truthing of the remotely sensed 

data, and our analysis does not say anything about the magnitude of the clustering. 
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INTRODUCTION 

Offshore Wind Energy 

The efforts to reduce CO2 emissions while simultaneously meeting the population’s 

growing energy demand, has led to nations setting goals such as reducing 40% of CO2 

emissions, a binding target of 27% for renewables, and a 27% increase in energy efficiency by 

2030 (Díaz & Guedes Soares, 2020; European Commission, 2014). Offshore wind development 

has emerged as a key player in renewable energy, particularly due to current technological 

advances and industrial growth (Díaz & Guedes Soares, 2020).In addition to adding to the efforts 

to mitigate climate change, offshore wind energy is also critical to the growth of the blue 

economy. Historically, Europe and China have led the advancement of offshore wind 

development, however, in recent years, the U.S. has been shifting towards the offshore wind 

sector and playing a more prominent role on the global scale (Costoya et al., 2020). 

The US is estimated to be able to reach up to 2000 GW of potential production through 

offshore wind (Costoya et al., 2020). Additionally, in certain highly populated states, it’s 

estimated that offshore wind power has greater energy potential than their land-based 

counterparts (Mills et al., 2018). The US offshore wind energy pipeline has seen a 15% growth 

from 2022 to 2023, with goals to deploy 30 GW by 2030 and 110 GW by 2050 (U.S. Department 

of Energy, 2023). Much of the wind development has been along the Northeastern Atlantic coast, 

followed by the Western coast near Oregon and California, and the Gulf of Mexico with three 

wind energy areas (WEAs). States like Massachusetts, New York, New Jersey, and Virginia have 

emerged as frontrunners in offshore wind development (U.S. Department of Energy, 2023). 

Through the Energy Policy Act of 2005, the Department of the Interior (DOI) gave the 

responsibility of offshore wind development in federal waters to the Bureau of Ocean Energy 

Management (BOEM). As such, BOEM has the authority to issue wind energy leases, 

easements, and right-of-way for activities on the Outer Continental Shelf (OCS) (BOEM, 2024). 

This is in conjunction with various state and federal agencies that have their own permitting 

authorities responsible for different parts of the permitting and impact assessment process 

(Methratta et al., 2020). Many of the decisions involving where to develop offshore wind farms 

take into consideration factors to reduce competition, mitigate viewshed impacts, availability of 

wind resources, and avoidance of military operation areas (Methratta et al., 2020). This requires 

https://www.zotero.org/google-docs/?GCPAs4
https://www.zotero.org/google-docs/?Xtj13S
https://www.zotero.org/google-docs/?bNOYen
https://www.zotero.org/google-docs/?YxbDxX
https://www.zotero.org/google-docs/?mWWZ1U
https://www.zotero.org/google-docs/?SuZgtw
https://www.zotero.org/google-docs/?SuZgtw
https://www.zotero.org/google-docs/?xqz8Qv
https://www.zotero.org/google-docs/?NrRjA6
https://www.zotero.org/google-docs/?HGIjHO
https://www.zotero.org/google-docs/?LPnTqH
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a significant amount of collaboration between various departments and entities, and creating 

many partnerships such as that between BOEM and the National Oceanic and Atmospheric 

Administration (NOAA). The National Centers for Coastal Ocean Science (NCCOS), plays a 

critical role in providing BOEM with the scientific ocean knowledge and technical marine spatial 

planning tools to choose the “optimal locations for offshore wind development while minimizing 

conflicts to the environment and other ocean industries” (National Centers for Coastal Ocean 

Science (NCCOS), n.d.).  

While the prospects of offshore wind development can be very encouraging, it is 

important to note that it is still very much a new frontier, especially within U.S. waters. 

Information on the ecological impacts of this shift towards more offshore wind development is 

still very scarce. A recent study evaluating the global impact of offshore wind development 

found that more than 86% of possible offshore wind farm impacts on ecological services are 

unknown (Watson et al., 2024). The impacts from construction were largely negative across 

ecological subject groups. The impacts of the operational phase were found to be more 

dependent on the specific location on whether they were mostly positive or negative (Watson et 

al., 2024). Significant portions of the research looking into the ecological effects of offshore 

wind development are focused on wind energy in Europe and do not often include migratory 

whales that are more of a consideration around US waters (Watson et al., 2024). 

The rate of offshore wind development has sped up significantly, and as such, it is of 

utmost importance that impact analyses keep up with this pace. However, a challenge for the 

scientific community is being able to conduct these vital studies within the timelines for wind 

projects (Methratta et al., 2020). The Department of Energy (DOE) and BOEM funded Project 

WOW (Wildlife and Offshore Wind) to address gaps in understanding the environmental impacts 

from offshore wind energy development. Project WOW is led by Duke University and is a 

“trans-disciplinary highly integrated collaboration of diverse experts for the comprehensive 

evaluation of the potential effects of offshore energy development on marine wildlife” (Duke 

University, n.d.). Their goal is to develop a risk assessment framework for offshore wind 

development in the Atlantic region, focusing on marine wildlife such as marine mammals, sea 

turtles, sea birds, and bats. The research is predominantly focused on two study sites: Vineyard 

Wind 1 off the coast of Massachusetts and Rhode Island, and Empire Offshore Wind off the coast 

https://www.zotero.org/google-docs/?G9M8ph
https://www.zotero.org/google-docs/?G9M8ph
https://www.zotero.org/google-docs/?qmpAQs
https://www.zotero.org/google-docs/?bCQbwV
https://www.zotero.org/google-docs/?bCQbwV
https://www.zotero.org/google-docs/?cAyYmc
https://www.zotero.org/google-docs/?PYzsny
https://www.zotero.org/google-docs/?aSzaCR
https://www.zotero.org/google-docs/?aSzaCR
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of New York and New Jersey (Figure 1). This research will be integral to BOEM as they manage 

offshore wind development in the Atlantic, and potentially other regions as well (Bureau of 

Ocean Energy Management (BOEM) et al., 2023).  

Figure 1: Atlantic Outer Continental Shelf (OCS) renewable energy areas (BOEM, 2024). 

Statement of Objectives 

We will be working on an initial cross-scale characterization of the data coverage within 

and between the Vineyard Wind 1 lease area, Empire Wind lease area, Atlantic Shores South 

lease area, and their surrounding subregions. The characterization would focus on spatial and 

temporal coverage that potentially can help downscale existing habitat-based density models. 

The project will include inventorying select oceanographic data to answer the following 

questions: 

https://www.zotero.org/google-docs/?JbmM2l
https://www.zotero.org/google-docs/?JbmM2l
https://www.zotero.org/google-docs/?V2NQjn
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1. What kind of data do we have to characterize the regions as well as the immediate area 

surrounding the wind lease areas? 

2. Are there differences/similarities in available data between sites and regions, i.e., can we 

extrapolate data from one wind lease area to another? 

3. Are the offshore wind farm sites chosen for Project WOW representative of the wind 

farms in each subregion? 

 

METHODS 

1. Acquiring and Processing BOEM Offshore Wind Farm Site Data 

The shapefiles used to define the study sites for this project were acquired from Deborah 

Brill, an associate in research in the Marine Geospatial Ecology Lab. There are six zones, three 

of which are the wind farm sites with a 10-kilometer buffer, and three of which are the larger 

subregions they fall into. The wind farm sites, and their respective subregions as depicted in 

Figure 2, are: 1) Empire Wind (EW) and the northern portion of the New York/New Jersey Bight 

subregion (NYNJB North); 2) Vineyard Wind (VW) and southern portion of the New York/New 

Jersey Bight subregion (NYNJB South); and 3) Atlantic Shores South (ASH) and Southern New 

England (SNE). The subregions were cut off at the 500-meter isobath, and the New York/New 

Jersey Bight was additionally separated along the Hudson Canyon to subset out the northern and 

southern parts. The feature class with all six polygons was saved as a shapefile and named, 

“Covariates_tool_polygon_all.shp”. While the buffered wind farms were treated as their own 

areas, they were not removed from the larger sub-region polygons despite the potential for 

“double-counting”. Because part of our analysis focuses on whether or not the statistics of the 

smaller wind farm sites are significantly different from their regional counterparts, and the 

sections are not directly comparable, we deemed it still appropriate to keep the sites nested inside 

each other.  

To answer the third research question, additional wind farm polygons came from a 

shapefile containing the BOEM Wind Lease Outlines. This dataset was downloaded from the 

Northeast Ocean Data Portal via Marine Cadastre (03/23/25) (BOEM/OREP, 2018).  While this 

feature class included polygons for Vineyard Wind, Empire Wind, and Atlantic Shores South, to 

make sure the data processing was the same for our sites during the second round of data 

https://www.zotero.org/google-docs/?GBSpwH
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processing and site clustering, we deleted the corresponding polygons from the BOEM Wind 

Lease Outlines shapefile and replaced the polygons with copies of the polygons received from 

Deborah Brill. The lease outlines included sites outside of the overall study area, so we clipped 

the feature class to what was within the study area bounds. We also removed the three main sites 

(VW, EW, and ASH), any partial polygons that remained after clipping, and all easements. We 

buffered each site by 10 km, removed unnecessary fields, appended copies of the VW, EW, and 

ASH shapefiles, and named our file “All_Sites_Buffered.shp”. We included an additional 18 

sites, making the total number of wind farm sites 21. 

 

Figure 2: Map outlining the offshore wind study areas used for analysis. Vineyard Wind (VW), 

Empire Wind (EW), and Atlantic Shores South (ASH) each have a 10 km buffer.  
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2. Acquiring and Processing Oceanographic Data 

We included eight variables for the Pairwise Euclidean Distance Analysis and the 

Multivariate Clustering Analysis (Table 1). Sea surface temperature (SST), chlorophyll A 

concentrations, and sea surface height anomaly data (SLA) were retrieved from the ERDDAP at 

NOAA CoastWatch datasets through Jupyter Notebook using the xarray package (NOAA 

CoastWatch, n.d.; NOAA NESDIS CoastWatch, n.d.; Veronica Lance & NOAA/NESDIS/OSPO, 

n.d.). The data for each variable spanned the previous 5 years (2020 – 2024) and was separated 

by season. Each season is defined as follows: Winter – December to February, Spring – March to 

May, Summer – June to August, and Fall – September to November. Summary statistics, 

including the mean, minimum, maximum, median, range, sum, and standard deviation, were 

extracted for each study area/zone. Averages for each summary statistic were calculated and 

exported as a table. For example, the maximum Fall SST value for Empire Wind is actually the 

average maximum fall SST value for Empire Wind from 2020 to 2024.  

 VARIABLE  UNIT/COMPONENT 

 Sea Surface Temperature  ℃ 

 Bottom Temperature  ℃ 

 Chlorophyll A Concentration  mg/m3 

 Sea Surface Height Anomalies  m 

 Wind Speeds  m/s 

 Depth  m 

 Sediment Type  Grain Size (mm) 

 Seabed Form  Slope & Relative Position 

Table 1: Oceanographic variables used for analysis and their units and/or components. 

Wind speed and 2021 bathymetry values were downloaded from the Mid-Atlantic Ocean 

Data Portal (NREL & BOEM, Office of Renewable Energy, 2015; NOAA/NCEI, The Nature 

Conservancy, 2020). Bottom temperature data, seabed forms, and sediment size data were taken 

from the Northeast Ocean Data Portal (Rachel Shmookler & RPS, 2019; The Nature 

Conservancy, 2016a, 2016b). If wind speed, bathymetry, and bottom temperature datasets were 

not provided in a rasterized format, they were converted to a raster, and the mean values for each 

https://www.zotero.org/google-docs/?9F5tO9
https://www.zotero.org/google-docs/?9F5tO9
https://www.zotero.org/google-docs/?9F5tO9
https://www.zotero.org/google-docs/?R4HnSa
https://www.zotero.org/google-docs/?R4HnSa
https://www.zotero.org/google-docs/?wQgLMt
https://www.zotero.org/google-docs/?wQgLMt
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zone were calculated using the ‘Zonal Statistics as Table’ tool. We exported the resulting tables 

to CSV files for further analysis in R.  

The seabed forms and sediment size data needed to be reprojected to the GCS WGS 1984 

coordinate system, after which the “Extract by Mask” tool was used to extract the count values 

for both the seabed form and sediment size for each study area. We exported the data to a table 

format to be further analyzed in R. The seabed form variables are as follows: “Depression”, 

“Mid Flat”, “Upper Flat”, “Low Slope”, “Scarp”, “Side Slope”, and “Upper Slope” (The Nature 

Conservancy, 2016a). The sediment types are as follows: “Silt”, “Very Fine Sand”, “Fine Sand”, 

“Medium Sand”, “Coarse Sand”, “Very Coarse Sand”, and “Gravel/Granule” (The Nature 

Conservancy, 2016b). The specifications defining sediment size ranges are detailed in Table 2 

and were classified based on grain size according to the Wentworth (Wentworth, 1922) scale.  

SEDIMENT CLASS GRAIN SIZE (mm) 

Silt 0.002 - 0.06 

Very Fine Sand 0.06 - 0.125 

Fine Sand 0.125 - 0.25 

Medium Sand 0.25 - 0.5 

Coarse Sand 0.5 - 1.0 

Very Coarse Sand 1.0 - 2.0 

Gravel/Granule > 2.0 

Table 2: Sediment classifications and their corresponding grain size according to the Wentworth 

(Wentworth, 1922) scale (The Nature Conservancy, 2016b). 

One of the analyses conducted was a pairwise Euclidean distance analysis to see which 

sites are most similar to each other in the distance matrix alone. In order to conduct a pairwise 

Euclidean distance analysis as well as the multivariate clustering analysis, the categorical seabed 

forms and sediment type data needed to be converted into a qualitative format. To do this, the 

relative percent coverage for each category was calculated in R and the tables were pivoted and 

joined together to show the percent value for each category in each zone (Appendix A.3 - A.6). 

It was important to make sure the percent coverage areas were relative to the zone they belonged 

https://www.zotero.org/google-docs/?uING36
https://www.zotero.org/google-docs/?uING36
https://www.zotero.org/google-docs/?FDOKX4
https://www.zotero.org/google-docs/?FDOKX4
https://www.zotero.org/google-docs/?vYblUQ
https://www.zotero.org/google-docs/?IgKIIm
https://www.zotero.org/google-docs/?2zlLbi
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to, as the zone sizes differed significantly between the sites and the sub-regions. Sediment types 

and seabed forms were edited in separate markdown files, but the process was the same for both.  

Each table was brought into R as a data frame and we created a new column in each table 

called “ZONE-CODE” and populated the cells with the zone code for each study area. We 

ensured column names and zone codes were the same across all tables to combine them more 

easily (Table 3).  

STUDY AREA NAME ZONE-CODE 

Southern New England SNE 

Empire Wind EW 

Vineyard Wind VW 

New York/New Jersey Bight North NYNJB_North 

New York/New Jersey Bight South NYNJB_South 

Atlantic Shores South ASH 

Table 3: Table of the wind farm study sites and the ZONE-CODEs used for analysis in R. 

All processed data (SST, Chlorophyll A concentrations, sea surface height anomalies, 

wind speeds, depth, bottom temperature, sediment type composition, and seabed form 

composition) were joined into a single table with six rows (Appendix A.1.1 - A.1.4). The 

remaining columns included the ZONE-CODE, average wind speeds, average depth, average 

bottom temperature, percent area for each sediment type and seabed form, as well as the mean 

and standard deviation for sea surface temperature, chlorophyll A, and sea surface height 

anomalies for each season (Table 4). 
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FINAL COLUMN NAMES 

ZONE-CODE Mean_Depth Mean_Wind_Speed 

Silt Very.Fine.Sand Fine.Sand 

Medium.Sand Coarse.Sand Very.Coarse.Sand 

Gravel.Granule Depression Mid.Flat 

Upper.Flat Low.Slope Scarp 

Side.Slope Upper.Slope Mean_Bottom_Temp 

MEAN_mean_sst_fall STD_mean_sst_fall MEAN_mean_sst_spr 

STD_mean_sst_spr MEAN_mean_sst_sum STD_mean_sst_sum 

MEAN_mean_sst_wint STD_mean_sst_wint MEAN_mean_chlor_fall 

STD_mean_chlor_fall MEAN_mean_chlor_spr STD_mean_chlor_spr 

MEAN_mean_chlor_sum STD_mean_chlor_sum MEAN_mean_chlor_wint 

STD_mean_chlor_wint MEAN_mean_sla_fall STD_mean_sla_fall 

MEAN_mean_sla_spr STD_mean_sla_spr MEAN_mean_sla_sum 

STD_mean_sla_sum MEAN_mean_sla_wint STD_mean_sla_wint 

Table 4: Final list of variables used for Pairwise Euclidean distance analysis and multivariate 

clustering analysis. 

All NA’s and zeros were replaced with 0.0001 to ensure consistency across the variables, 

that all observations across each variable are present, and to reduce any statistical bias the NAs 

would produce. We standardized the data using the “scale” function, which finds the mean of 

each variable and then subtracts that mean from each measurement. The results were divided by 

the standard deviation of the variable. At the end of this process, all the measurements were 

unitless, and we could compare all the variables to each other, which totaled 42 unique variables. 

We used the standardized data to create a distance matrix and found the pairwise Euclidean 

distance between the study areas. The data were visualized through a heatmap using R’s ggplot2 
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package (Figure 5). The analysis was repeated with just the wind farm sites and again with just 

the larger regions (Figure 6). 

The standardized data was additionally exported as a CSV file. The “ZONE-CODE” 

column was renamed to “NAME”, and the corresponding fields were changed to match the 

names in the “Covariates_tool_polygon_all.shp” feature class in order to join the tables in 

ArcPro using the “Join Field” tool. We used the “Multivariate Clustering” tool to analyze this 

newly joined feature class. We were curious about which primary variables may be driving this 

clustering, so we re-ran the multivariate clustering and removed a different set of variables each 

time it was re-run. We first removed sea surface temperature data and kept all others. Next, we 

brought the SST data back and removed just the Chlorophyll A data. We did the same with wave 

height anomaly data, and we also ran variations where only benthic habitat data was included 

(sediment type/seabed forms) and one where it was just oceanographic data.  

Duplicates of ArcGIS models and Python/R scripts were made and edited as needed for 

the new feature class with all 21 sites. We ran through each respective model/script to extract the 

necessary information. Calculating the sediment type and seabed form percent coverage required 

splitting up the feature class into a separate shapefile for each individual site. Creating a model 

for each step was necessary to automate repetitive analysis using iterators. Once all calculations 

were complete, we exported our Excel sheet with all the values and included the values for the 

larger subregions (SNE, NYNJB North & NYNJB South). We appended the feature class with all 

the original covariates “Covariates_tool_polygon_all.shp”, to “All_Sites_Buffered.shp”. 

Duplicate polygons of VW, EW, and ASH were removed, but the larger subregion polygons were 

kept. The table with all our newly calculated data was joined to “All_Sites_Buffered.shp”, and 

the multivariate clustering analysis was conducted.  

3. Acquiring and Processing Glider Path Data 

Underwater gliders are autonomous, unmanned observing systems that are often used for 

ocean science. They need little to no human direction while operating and can travel very long 

distances over long periods, making them uniquely suitable for collecting data in remote areas, 

safely, and at a relatively low cost (NOAA, n.d.). Gliders can monitor a wide variety of 

oceanographic variables such as temperature, water currents, salinity, and other ocean conditions. 

https://www.zotero.org/google-docs/?gkJvXp


15 

Through glider data, we can get a more complete understanding of the processes occurring in the 

ocean (Underwater Gliders, n.d.).  

As a result, the U.S. Integrated Ocean Observing System (IOOS) office developed a 

glider data assembly center to coordinate glider operators across the nation and create a 

centralized location for glider data to be submitted (Underwater Gliders, n.d.). For our analysis, 

we used glider path data from IOOS’s Data Assembly Center. The IOOS Glider data was 

downloaded for all available years (2009 – 2025) as a KML file, which was then converted to a 

layer format using “arcpy.conversion.KMLToLayer” in Jupyter Notebook.  

Additionally, we wanted to look at the overall coverage by the glider paths. However, 

because glider data is collected at the exact location of the glider and spans across depths within 

a single trip, we could only measure the path density by comparing the distance traveled to the 

total area of each zone. We projected the glider polylines to the North American Albers Equal 

Area Conic coordinate system to match that of the wind farm shapefile. The two feature classes 

were intersected to determine which glider paths fell into each wind farm area (Figure 3). We 

calculated the total lengths of the glider polylines in each study area with the Summary Statistics 

tool. The results were joined to a copy of the wind sites feature class and exported to an Excel 

sheet where we could calculate the path density (Table 5). 

 

RESULTS 

Research Question 1: What kind of data do we have to characterize the regions as well as 

the immediate area surrounding the wind lease areas? 

Through our analysis we wanted to see what the availability of data is amongst our study 

areas. One method was to map all available IOOS underwater glider path data from 2009 to the 

present day (Figure 3). This allows us to get a snapshot of where people are focusing their 

efforts and where there may be gaps. Figure 3 shows that there has been a lot of activity in the 

Southern New York/New Jersey Bight subregions, and especially so immediately surrounding 

the Atlantic Shores South offshore wind farm with a path density of 0.006648 (Table 5). 

Southern New York/New Jersey Bight has a path density of 0.001937 and is fairly well 

distributed. Southern New England has the next highest path density of 0.0009 (Table 5), 

https://www.zotero.org/google-docs/?yzWt7Q
https://www.zotero.org/google-docs/?0P6ufv
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however, it is heavily concentrated to the West and South (Figure 3). This is in direct contrast 

with Vineyard Wind, which is almost empty of any glider activity. Empire Wind and the 

Northern New York/New Jersey Bight region are both more haphazardly covered (Figure 3). 

Because the data was only taken from the IOOS database, there may be additional glider activity 

that is missing if it has not been uploaded to IOOS.  

 

Figure 3: Underwater Glider paths in northeastern US waters taken from the Integrated Ocean 

Observing System’s Data Assembly Center from 2009 to 2025. 
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ZONE-CODE Area (km2) Glider Path Length (km) Path Density 

ASH 1,590,501.89 10,573.64 0.00664799 

EW 1,703,483.40 1,184.04 0.00069507 

VW 1,276,886.94 64.55 0.00005056 

NYNJB North 26,146,041.98 12,012.95 0.00045945 

NYNJB South 25,887,888.04 50,137.93 0.00193673 

SNE 39,613,682.00 36,063.70 0.00091038 

Table 5: Glider path densities within each offshore wind study area. 

The oceanographic data covered the expanse of our study sites and there were no 

differences found. Average wind speeds did not vary much between the zones, with the southern 

regions (NYNJB North/EW & NYNJB South/ASH) ranging between 8.73m/s and 8.99m/s. VW 

and SNE have slightly higher speeds with 9.31m/s and 9.36m/s, respectively. The average depth 

between all the zones ranged from 25.7 meters (ASH) to 79.0 meters (SNE) (Table 6). For 

relative sediment type coverage, all of the regions were primarily dominated by “Fine Sand”, 

“Medium Sand”, and “Coarse Sand” (Figure 4, Table 7). ASH is 62% ‘Medium Sand’, followed 

by ‘Coarse Sand’ at 32%. EW is 60% ‘Medium Sand’, followed by ‘Coarse Sand’ at 23%. For 

the most part, VW is split evenly between ‘Fine Sand’ and ‘Medium Sand’ at 42% for both. 

NYNJB North is 48% ‘Medium Sand’ and 19% ‘Fine Sand’ while NYNJB South is 60% 

‘Medium Sand’ and 20% ‘Coarse Sand’. SNE is 34% ‘Medium Sand’ and 30% ‘Fine Sand’ 

(Table 7).  
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ZONE-CODE Average Depth (m) 
Average Wind  

Speeds (m/s) 

Average Bottom 

Temperature (℃) 

ASH -25.7 8.74 11.7 

EW -33.5 8.73 10.6 

VW -41.7 9.31 9.6 

NYNJB North -59.5 8.99 10.5 

NYNJB South -61.0 8.89 10.9 

SNE -79.0 9.36 9.8 

Table 6: Average depth (m), wind speed (m/s), and bottom temperature (℃) for each offshore 

wind study zone. 

 

ZONE-CODE Silt (%) 
Very Fine 

Sand (%) 

Fine Sand 

(%) 

Medium 

Sand (%) 

Coarse 

Sand (%) 

Very Coarse 

Sand (%) 

Gravel/ 

Granule (%) 

ASH 0 0.52 5.74 62.60 31.13 0 0 

EW 0 0.62 12.66 60.33 22.32 2.94 1.13 

VW 3.89 2.50 42.14 42.11 1.02 0 8.33 

NYNJB North 7.91 6.19 18.67 47.98 16.18 1.79 1.29 

NYNJB South 1.05 2.31 12.18 60.47 19.97 2.55 1.47 

SNE 17.51 4.75 29.66 34.28 4.39 1.05 8.36 

Table 7: Relative percent coverage of sediment type for each offshore wind study zone. 

The predominant seabed form in all of the study zones is “Mid Flat”, followed by 

“Depression”, and then “Upper Flat” (Figure 4, Table 8). Almost all the zones except for 

NYNJB South, comprise at least 50% ‘Mid Flat’, with EW peaking at 82% ‘Mid Flat’. Even 

NYNJB South is still 42% ‘Mid Flat’ with ‘Depression’ as the next highest seabed form 

coverage (Table 8). 
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ZONE-CODE 
Depression 

(%) 
Mid Flat (%) 

Upper 

Flat (%) 

Low Slope 

(%) 

Scarp 

(%) 

Side Slope 

(%) 

Upper Slope 

(%) 

ASH 31.21 49.61 18.61 0.32 0 0.20 0.06 

EW 14.24 81.77 3.99 0 0 0 0 

VW 30.45 69.27 0.28 0 0 0 0 

NYNJB North 29.94 40.82 14.22 2.04 0.18 0.16 3.64 

NYNJB South 27.81 42.57 24.31 0.57 1.01 0.07 3.68 

SNE 23.07 51.07 17.17 1.56 0.64 0.24 6.25 

Table 8: Relative percent coverage of seabed forms for each offshore wind study zone. 

The mean bottom temperatures ranged from 9.6 °C for VW, to 11.7 °C for ASH. The 

temperatures between each wind farm area and its respective subregions were not significantly 

different (Table 6). The largest temperature difference was between NYNJB South and ASH, 

with a difference of 0.8 °C. In contrast, the temperature difference between NYNJB North and 

EW is 0.1 °C and the difference between SNE and VW is 0.2 °C (Table 6).  
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Figure 4: Four maps of the six study areas/zones demonstrating four of the variables used in 

Pairwise Euclidean Distance analysis and Multivariate Clustering analysis. Map of the average 

annual wind speeds in meters per second (upper left). Map of the average depth in meters (upper 

right). Map of the sediment types (lower left). Map of the seabed forms (lower right). 

Research Question 2: Are there differences/similarities in available data between sites and 

regions, i.e., can we extrapolate data from one wind lease area to another? 

Our pairwise Euclidean distance analysis showed some interesting results. The variables 

used for this analysis include sediment type, seabed form, wind speed, depth, sea surface 

temperatures, bottom temperatures, chlorophyll A concentrations, and wave height anomalies 

(Table 4). We found that the sub-regions SNE and NYNJB North are more similar to each other 

than NYNJB North is to NYNJB South (Figure 5). On the other hand, EW and VW are closer to 

NYNJB South and ASH than they are to the sub-region they fall into (Figure 5). The pairwise 
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Euclidean distance analysis of just the wind farm sites showed EW and ASH as more similar to 

each other than either is to VW (Figure 6). Not quite unsurprisingly, VW is calculated to be 

closer to EW than it is to ASH. In fact, it is completely white, denoting a substantial distance 

between the two (Figure 6).

 

Figure 5: Pairwise Euclidean Distance analysis results as a heatmap for the six study zones: 

Vineyard Wind (VW), Empire Wind (EW), Atlantic Shores South (ASH), Southern New England 

(SNE), New York/New Jersey Bight North (NYNJB North), and New York/New Jersey South 

(NYNJB South). 
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Figure 6: Pairwise Euclidean Distance analysis results as a heatmap for just the buffered wind 

farm sites: Vineyard Wind (VW), Empire Wind (EW), and Atlantic Shores South (ASH). 

 

Our multivariate clustering analysis showed similar results to the pairwise Euclidean 

distance results (Figure 7). This is not surprising as both were conducted with the same data. 

SNE and NYNJB North were more similar to each other based on every variable, than to 

NYNJB South. However, neither SNE nor NYNJB North was more similar to their respective 

offshore wind farm sites. Both EW and VW were more similar to ASH, NYNJB South, and each 

other than they were to the subregion north of the Hudson Canyon (Figure 7). When re-running 

the clustering analysis and eliminating individual variables, for the most part, there were no 
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changes except for when we removed just the chlorophyll data, at which point EW and VW 

created a third cluster (Figure 8). 

 

Figure 7: ArcGIS Pro Multivariate Clustering analysis results for the six study zones: Vineyard 

Wind (VW), Empire Wind (EW), Atlantic Shores South (ASH), Southern New England (SNE), 

New York/New Jersey Bight North (NYNJB North), and New York/New Jersey South (NYNJB 

South). 
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Figure 8: Multivariate Clustering analysis results when Chlorophyll A concentration data is 

excluded. 

Research Question 3. Are the offshore wind farm sites we chose representative of the wind 

farms in each subregion? 

To answer this question, we included an additional 18 offshore wind sites, each with a 10 

km buffer, as part of the study area. We calculated the same variables for the added sites: sea 

surface temperature, chlorophyll A concentration, wave height anomaly, depth, wind speed, 

bottom temperature, sediment type composition, and seabed form composition. Our results came 

out to three clusters (Figure 9). This time, VW and EW are still more similar to each other, 

however, they are no longer as similar to ASH and NYNJB South. Instead, VW and EW are 

clustered with SNE and NYNJB North. SNE and NYNJB North remain more similar to each 

other based on our variables than they are to NYNJB South. A new, third cluster appears in the 
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southwest region of NYNJB South, including the site we used for our initial analysis (ASH) 

(Figure 9). Most of the second cluster surrounds the Hudson Canyon except for one site in SNE 

that is the sole site in cluster 2, in a sea of sites that belong to cluster 1. Also, despite its close 

proximity to the Hudson Canyon and two other cluster 2 sites, Empire Wind has been slotted into 

cluster 1.  

 

Figure 9: Multivariate Clustering analysis results for all 21 sites and 3 subregions in the study 

area. Project WOW IRES sites are outlined and labeled. Sites OCS-A 0544 and OCS-A 0517 are 

also labeled.  

 

 



26 

DISCUSSION 

Through this project, we attempt to use geospatial tools to answer three research questions:  

1. What kind of data do we have to characterize the regions as well as the immediate area 

surrounding the wind lease areas?  

2. Are there differences/similarities in available data between sites and regions, i.e., can 

we extrapolate data from one wind lease area to another?  

3. Are the offshore wind farm sites we chose representative of the wind farms in each 

subregion?  

Below we examine the results and evaluate the conclusions that can be drawn. Additionally, we 

explore future research and analysis needed to build on our understanding of these findings.  

 Data Availability 

To answer this question, we only analyzed glider path data as a sort of proxy for spatial 

research interest and data availability within the study region. However, it is important to note 

that this is only one factor and is a relatively new technology that has become more widely used 

in recent years. The coverage varies widely from region to region and site to site. IOOS records 

show that a majority of reported gliders have been deployed south of the Hudson Canyon, 

heavily biasing the NYNJB South subregion and ASH (Figure 3). As we move north, the path 

density drops off significantly, with a significant lack of glider data in Vineyard Wind and the 

northern half of Southern New England (Figure 3). This should not be taken as a direct proxy for 

data availability within the study area, but it exhibits an interesting pattern of increasingly more 

data collection efforts as we move further south.  

As possible further steps, it would be beneficial to make use of data collection via other 

means, such as research ship tracks or buoy stations. Given more time, incorporating biological 

variables such as marine wildlife population density data, and benthic community composition 

data would help to give us a better idea of the data that is currently available and where the gaps 

are (Bailey et al., 2014). Closing the data gaps is an important step to get a better understanding 

of the environment surrounding offshore wind areas and examine any impacts from development 

and operation.  

https://www.zotero.org/google-docs/?XJmF3a
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Site and Region Data Comparison 

Our Pairwise Euclidean distance and Multivariate Clustering analyses gave us similar 

results. As mentioned earlier, SNE and NYNJB North were more similar to each other than 

either was to NYNJB South (Figure 5, Figure 7). This may be due to the Hudson Canyon 

creating an important divide. SNE was not clustered with its respective wind farm site (VW), and 

neither was NYNJB North with its corresponding wind farm (EW) (Figure 7). NYNJB South 

and ASH however, were clustered together along with EW and VW. Instead of each wind farm 

site matching in similarity with their larger subregion, all of the wind farm sites are more similar 

to each other and to NYNJB South (Figure 7). It is not entirely surprising that all the wind farm 

sites were more similar to each other based on our oceanographic variables. After all, wind farm 

sites are strategically chosen to best fit certain criteria that make them especially ideal for an 

offshore wind farm, and it stands to reason that because those criteria are often the same 

regardless of the location, the chosen sites themselves would share many environmental 

attributes. An interesting question for future research would be to explore why they are also 

similar to NYNJB South, rather than NYNJB North or SNE, or why the wind farm sites are not 

creating their own cluster, separate from the larger subregions.  

When looking at the Pairwise Euclidean Distance analysis for just the wind farm sites, we 

do see that ASH and EW are closer to each other than either is to VW (Figure 6). VW is only 

similar to EW and not ASH, indicating there is some variation amongst the sites themselves, and 

EW links the two. Interestingly, EW is closer to ASH than it is to VW despite the Hudson 

Canyon separating the two (Figure 6). This may indicate that the similarities resulting from how 

wind farm sites are chosen have more weight than the environmental factors of the subregion it 

resides in, or which side of the Canyon it falls in. 

IRES Site Representativeness 

The final part of our analysis sought to determine if the sites chosen by Project WOW 

(i.e., Vineyard Wind and Empire Wind) are suitable representatives for the regions. Many of the 

wind farm sites are geographically clustered together in NYNJB South, except for site OCS-A 

0517 which fell into cluster 2 (Figure 9). ASH and VW both remained more similar to the sites 

immediately around them. Site OCS-A 0544, which is immediately below EW and overlaps the 

eastern part of EW, is clustering separately from EW, into cluster 2. As we move further south 
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along the coast, the sites become increasingly different, creating a third cluster that is neither 

similar to the sites in the northern regions nor to any of the regions themselves (Figure 9). VW 

and EW clustered together, implying that the initial IRES (Integrated Regional Ecosystem Study) 

field work is being done in areas with environmentally similar conditions. However, there still 

needs to be caution when considering extrapolating the data to other sites and especially further 

south. 

 

CONCLUSION 

 This project attempted to analyze oceanographic data across multiple scales and 

characterize offshore wind energy areas along the Northeastern U.S. Atlantic coast. We 

approached this analysis on three fronts, with three research questions. Each set of results added 

more to our understanding of the environmental research and conditions of offshore wind energy 

sites in the NE U.S. Atlantic. For the first research question, we saw a heavy concentration of 

glider paths in the Southern NY/NJ Bight region. While there were certain hotspots and areas of 

high concentration in the Northern NY/NJ Bight and Southern New England regions, it was not 

as distributed in comparison to the Southern Bight region. Similarly, Atlantic Shores South also 

had more glider activity than Empire Wind and especially Vineyard Wind, which had little to no 

glider paths crossing the site area. This is only from the glider paths made available via IOOS, 

and has its limitations. In the future, we would have liked to include other methods of data 

collection, such as research ship tracks and buoy locations.  

 Through our multivariate clustering, our findings indicate that the Hudson Canyon is a 

significant driver separating the Southern NY/NJ Bight region from the Northern N/NJ Bight and 

Southern New England regions. Additionally, based on the specific oceanographic variables we 

used, the data shows that the offshore wind farm sites are more environmentally similar to each 

other than to their respective region. This is not entirely unsurprising, as offshore wind sites are 

specifically chosen to fit certain environmental conditions. When considering site representation 

compared to other wind farm sites within the same regions, our results are mixed. On one hand, 

except for a single site off the coast of Massachusetts (OCS-A 0517), the sites seem to be 

regionally similar. The Project WOW IRES sites are also similar to the regions they are in, 

indicating that, at least for now, the initial research conducted in Vineyard Wind and Empire 
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Wind is in areas with similar environmental conditions. On the other hand, as previously 

mentioned, there needs to be caution when extrapolating the data to other sites as well as 

extrapolating further south.  

 It is important to note that this analysis is a preliminary one with limited variables 

included. This does not give us any indicator for the magnitude of the clustering or the nuances 

of which factors are driving the clustering. We have also not ground-truthed any of the remotely 

sensed satellite data, which adds uncertainty. Caution is also necessary given that as climate 

change is continuously affecting ocean conditions such as those included in this analysis, the 

oceanographic conditions of the sites and regions themselves will change and shift (Beaugrand, 

2009; Greene et al., 2013; Wang et al., 2004). Meaning the representativeness of the sites 

suggested by this analysis is subject to change and cannot be presumed static.  

 The sites we focused on in this analysis have had the most offshore wind development 

along the U.S. Atlantic coast, and it is important to have a solid understanding of the 

environmental conditions throughout the development process. In order to minimize effort and 

disturbance to these areas while also making sure to properly monitor and mitigate impacts, we 

need to know when research efforts may be redundant or excessive. On the other hand, it is 

critical to not overshoot in the other direction and not conduct enough research to fully 

understand these complex dynamics and how they are being impacted by offshore wind 

development (Miller et al., 2004). It is also important not to incorrectly presume one area is the 

same as another, resulting in improper management decision-making. This is why knowing when 

we can or cannot extrapolate research findings is important. It is a precarious balancing act that 

should not be overlooked. Through this project, we hope to use the power of geospatial analysis 

to contribute meaningfully to the discussions surrounding responsible offshore wind energy 

development in the U.S. 

 

 

 

https://www.zotero.org/google-docs/?KIARSN
https://www.zotero.org/google-docs/?KIARSN
https://www.zotero.org/google-docs/?3Vx0G7
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APPENDIX 

A.1 Oceanographic Data for the 3 Primary Wind Farm Sites and 3 Subregions: Used for 

Pairwise Euclidean Distance and Multivariate Clustering Analysis 
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A.2 Oceanographic Data for All 21 Wind Farm Sites and 3 Subregions: Used for Pairwise 

Euclidean Distance and Multivariate Clustering Analysis 

A.2.1 
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A.2.3 
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A.2.4 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A.3 Seabed Form Relative Percent Coverage for the 6 Primary Study Areas 
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A.4 Sediment Types by Grain Size (in mm) Relative Percent Coverage for the 6 Primary 
Study Areas 

 

 

 

 

 

A.5 Seabed Form Relative Percent Coverage for All 21 Wind Farm Sites and 3 Subregions 
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A.6 Sediment Types by Grain Size (in mm) Relative Percent Coverage for All 21 Wind 
Farm Sites and 3 Subregions 
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A.7 Seabed Form Bar Graph Showing the Relative Percent Coverage for Atlantic Shores 
South and NY/NJ Bight South 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 

A.8  Seabed Form Bar Graph Showing the Relative Percent Coverage for Empire Wind 
and NY/NJ Bight North 
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A.9 Seabed Form Bar Graph Showing the Relative Percent Coverage for Vineyard Wind 1 
and Southern New England 
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A.10 Line Plot Comparing the Seabed Form Relative Percent Coverage for Southern New 
England, NY/NJ Bight North, and NY/NJ Bight South 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



45 

A.11 Sediment Types by Grain Size (in mm) Bar Graph Showing the Relative Percent 
Coverage for Atlantic Shores South and NY/NJ Bight South 
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A.12 Sediment Types by Grain Size (in mm) Bar Graph Showing the Relative Percent 
Coverage for Empire Wind and NY/NJ Bight North 
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A.13 Sediment Types by Grain Size (in mm) Bar Graph Showing the Relative Percent 
Coverage for Vineyard Wind 1 and Southern New England 
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A.14 Line Plot Comparing the Sediment Types by Grain Size (in mm) Relative Percent 
Coverage for Southern New England, NY/NJ Bight North, and NY/NJ Bight South 
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