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Meeting Procedures

Participation for Members of the Public:

> Members of the public will be muted upon entry.

> Questions and comments may be submitted in writing through 
the Q&A feature at any time during the event. 

> If technical problems arise, please contact 
John.Necroto@nyserda.ny.gov

You'll see when your 
microphone is muted

Webinar recordings and presentations will be available at: 

www.nyserda.ny.gov/osw-webinar-series

mailto:John.Necroto@nyserda.ny.gov
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Movement models and offshore wind

Henrik Skov, DHI

hsk@dhigroup.com

mailto:hsk@dhigroup.com


Existing spatial models based on assessments 
on land

We need spatial tools 
for planning and assessments



Ecosystem-based 
approach

Cross-sectorial management 
of human activities based on 
the best available information 
on the aquatic ecosystem and 
its dynamics



Existing spatial models based on assessments 
on land

Information needs

EIA

SIA

Marine Spatial Planning

Environmental Risk Assessments

Baseline investigation
Conservation planning

Species Action Plans

Marine strategy framework 
directive (EU), other directives 
laws and regulations

Cumulative impact assessments



Existing spatial models based on assessments 
on land



Oceanographic process knowledge is not fully
integrated into marine spatial modelling practices



Spatial modelling at offshore wind farms

Important spatial scales for concentration of marine predators



Downscaling increases oceanographic variability
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Source: DHI data –
Salinity German Bight



Downscaling increases oceanographic variability

Source:

Skov & Prins 2001. MEPS 2014

Surface salinity January 2002

Red-throated diver winter



THE SOLUTION: INTEGRATED MODELLING OF MOVEMENTS

• Hydrodynamic modelling

• Dynamic habitat modelling

• Agent-based modelling
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Modelling overview – Example from Nyserda project 2021-22
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Resolving oceanographic variability by detailed
flow modelling: The Outer Thames Model

MIKE3 system for 
currents utilizing 
flexible mesh – 4 
domains: 5000m, 
2000m, 300m and 
100m
10 zigma layers 
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New York Bight HD model
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Data Collection
Model Example Data Need

Hydrodynamic • Field survey, modeling, satellite data, e.g.:
• Bathymetry 
• Met-Ocean Buoys (meteorology, current, waves) 
• CTD casts (temperature and salinity profiles) 
• Measured riverine discharges 
• Measured or modelled wind direction and speed (e.g., 

CFSR) 

Dynamic Habitat • Mainly abundance surveys and environmental data, e.g.:
• aerial visual, aerial optical, ship-based abundance data
• pertinent environmental datasets (see those under 

hydrodynamic modeling, chlorophyll-a, AIS data, etc.) 

Agent-based • Literature, or telemetry/ stationary/ abundance surveys 
regarding:
• Habitat / migration characteristics 
• Movement characteristics (e.g., swimming rates, 

depths, diving, etc.) 
• Feeding characteristics 
• Social characteristics 

*portions of the Fin whale data used for DHM modeling were sourced from Tt-NYSDEC NYB Aerial Survey 
Project (Ann Zoidis, Meghan Rickard, and Kate Lomac-MacNair), carried out by TetraTech.
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Data Quality Assessment
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Dynamic Habitat Modeling Concept
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Dynamic Habitat Modeling (DHM)

• Utilizes a specialized model script trains 
Generalized Additive Mixed Models (GAMMs) and 
executes the trained GAMMs to the applicable 
results in DHI’s MIKE 3/21 to produce Dynamic 
Habitat Suitability maps

- GAMMs run to produce ‘Presence Absence’ 
(P/A) and ‘Positive Density’ (PosD) models

- iterative isolation of significant habitat 
Predictors (variables) via review of related 
correlation statistics and adequate ‘Model Fit’ 
and ‘Predictive Accuracy’

- training applicable GAMMs results in DHI’s 
MIKE 3/21 to produce Dynamic Habitat 
Suitability maps

• Statistical analysis that links sighting survey 
observations to oceanographic conditions 
referred to as ‘habitat drivers’, or ‘Predictors
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Proc.

1. Data Processing & Alignment  

HDM Results

Other Dataset

Predictor Variables

2. Generalized Additive Mixed Modeling  

Field Data: Effort & Observations Aligned Obs. Data  

Combined Tidy 

Data  

HDM Predictor 

Variables

Proc. 

Predict

3. Predictive Accuracy 

P/A Modeling 

Pos Density 

Modeling 

Fit

Fitted Functional 

Relationships

Fitted Functional 

Relationships 
Predicted Relative 

Density 

Field Observations

Statistical Fit

Accuracy  

Metrics

4. Predictions 

Optimal Predictor Variables (Best 

Model)
New Data, e.g., HDM Hindcast 

Results 

Model 

Implementation 

Spatial & Temporal Habitat 

Suitability Index  

Predictor Variables

Post-processing 

Intersect

DHM in More Detail

Example of 

‘Other Dataset’ 

Predictor 

Variables

Example of   Predictor Variables derived 

from HDM:

Brunt–Väisälä, Current speed, Current 

Gradients, Current Vorticity, Water 

Temperature, Salinity, Salinity Gradients, 

etc.
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Northern Gannet–
DHM results during short-term 
period of significant habitat change 

• Example of animated 

Habitat Suitability 

results
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Fin Whale –
DHM results during short-term 
period of significant habitat change 

• Example of animated 

Habitat Suitability 

results
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Predictive flight modelling 

model<-gamm(altitude ~ s(predictor) + …. + Factor 
variable, random=(), correlation = corExp(track), family = 
Gamma (link = log), data)

Source: DHI internal
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Predictive flight modelling 

Source: DHI internal

BIG video file omitted 
from check
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Agent Based Modeling (ABM)

• Applied ABM technique entails simulating a series of 
steps within a model domain, wherein an agent makes 
a series of action ‘decisions’ (e.g., movement, diving) 
based on information made available to it in a sensory 
sphere around it
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Red-throated Loon ABM

Initialization 
Exit 

domain

Agent Container

MovementNavigation

Internal 
state

• Starting 

location
• Initial 

internal 
states

Migration

Foraging

Diurnal

WindHabitat Day/Night

Fly

Swim

Dive

Check internal states, 
e.g., migratory urge, 

hunger, day -night 
cy cles

Check environmental 
f orces affecting 

nav igation and 
mov ement e.g., wind 

speed and direction 
af f ects flight altitude 

Initial 
Intention

Assess 
nav igation 

potential 
f or 

achiev ing 
objectiv e 

Final 
IntentionFormulate 

objectiv e e.g., 

f ind f ood

Modif y  
objectiv e 

e.g., f ind 
f ood → rest, 

when night-
time

Determine 
mov ement 

f or 
achiev ing 

objectiv e 

Repeat ov er simulation period

Rest
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Fin Whale ABM

Fin Whale
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Fin Whale ABM
Calibration & Validation Analyses 



APPLICATIONS





STRATEGIC AND BASELINE
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Loggerhead Turtle DHM 
Average Seasonal Habitat Suitability
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Northern Gannet DHM
Average Seasonal Habitat Suitability
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Red-throated Loon DHM
Average Seasonal Habitat Suitability 
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Red-throated Loon ABM
Movement results during short-term period (December) of significant habitat change 

• Left: results animation of Red-throated Loon 

agents movement during short-term period of 

significant habitat change

• Below: Static output of results during the same 

period (red dots indicate observation data 

positions, grey dots - model output positions)
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Fin Whale DHM
Average Seasonal Habitat Suitability
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Fin Whale ABM
Movement results during short-term period of significant habitat change 

• Right: results animation of Fin Whale agent 

movement during short-term period of 

significant habitat change

• Below: static output of results during the same 

period (red dots indicate observation data 

position, grey - model output of positions in 

time-step intervals)



IMPACT ASSESSMENT
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Model applications for local risk assessments 

Simplified example of ABM decision tree.



POST-CONSTRUCTION
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High level of observed variation of wildlife in OWFs means 
low power for detecting impacts 

Simplified example of ABM decision tree.
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Using spatial models to improve the power of post-
construction monitoring

Simplified example of ABM decision tree.



Thank you !



Coming Soon

Check back soon for 

upcoming webinars in:

• Offshore Wind & Hydrogen

• National Historic Preservation 

Act, Section 106

• Offshore Wind Data Collection 

and Management

Visit wind.ny.gov to register

We want your feedback! Send 

suggestions for future webinar topics 

to offshorewind@nyserda.ny.gov

mailto:offshorewind@nyserda.ny.gov

