Learning from the Experts Webinar Series

Movement Models &
Offshore Wind

Henrik Skov
Senior Project Manager
DHI

November 9, 2022




Meeting Procedures

Webinar recordings and presentations will be available at:
www.nyserda.ny.gov/osw-webinar-series

> Members of the public will be muted upon entry. Y Gl o

¥

You'llsee “ - whenyour

. . . " microphoneis muted
> Questions and comments may be submitted in writing through

the Q&A feature at any time during the event. |
-9 o

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

This webinar series is hosted by NYSERDA’s offshore wind
team and features experts in offshore wind technologies,
development practices, and related research.

DISCLAIMER:
The views and opinions expressed in this presentation are those of the presenter
and do not represent the views or opinions of NYSERDA or New York State.
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Ecosystem-based
approach

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

SIA

Baseline investigation N
EN-

Environmental Risk Assessments

I

/

Species
distributions
-Knowledge
-Maps

Cumulative impact assessments

Conservation planning
Species Action Plans

Marine strategy framework
directive (EU), other directives
laws and regulations
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Spatial modelling at offshore wind farms

O Oceanic cuments. fronts

Year
Shelffronts
O Meso-scale mixin
Month MES0-SCae XN
O Oﬂrm
Week Tidal fronts
Day Topographically steered eddies

Tidal-induced upwelling

Langmuircells, prey patch
Hour Q b Small-scale convergent fronts

Density-dependence

Wind-drven upwelling

M‘Mﬁ O Stochastic processes

100 m 1 km 10 km 100 km

Important spatial scales for concentration of marine predators

DHI



Ic variability

h

INg INCreases oceanograp

Downscal

ty Jan-May 2006

ini

Sal

Butendiek

)

Meerwinc

—— Merkur

20-50-900C
6¢-70-900C
£LT-¥0-900C
¥¢-70-900C
TT-¥0-900C
61-70-900C
91-70-900C
¥1-70-900C
T1-70-900C

90-0-900C
¥0-70-900C
T0-70-900C
6¢-€0-900C
LT-€0-900C

¢C-€0-900C
6T-€0-900C
9T-£0-900C

60-€0-900C
90-€0-900C
¥0-€0-900C

92-20-900C
¥¢-20-900C
T2-20-900C
61-2¢0-900C

T-20-900C
€1-20-900C
T1-¢0-900C
80-20-900C
90-20-900T
€0-20-900C
10-20-900C
6¢-10-900C
92-10-900C
¥2-10-900C

61-10-900C
91-10-900C
€T-10-900C
T11-T0-900C
80-10-900C

(Y=}
(=}
o
o
>
>
©
>
3
Q2
(-3}
(S
>
=
£
“©
(%]

Butendiek

Nordsee Ost

——Meerwind

DHI data —
Salinity German Bight

Source

994 8¢

CEE VA4

994 9¢

go4 s¢

994 v¢

994 €¢

994 ¢¢

9924 T¢

994 0¢

go24 6T

go24 8T

994 LT

g4 9T

9924 ST

CEER4Y

CEERY

g4 ¢T

CEERAS

924 0T

924 6

CEER:]

[CEEWA




Downscaling increases oceanographic variability

Red-throated diver winter

1 1

Surface salinity January 2002
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THE SOLUTION: INTEGRATED MODELLING OF MOVEMENTS

 Hydrodynamic modelling
 Dynamic habitat modelling

 Agent-based modelling



Modelling overview — Example from Nyserda project 2021-22

TASK 1 Project Inception

TASK 2 TASK 3 TASK 4 TASK 5: Ecological Modeling
Data Collation Hydrodynamic Analysis of Data (a) Dynamic Habitat (b) Agent Based
& Processing Modeling Coverage Modeling Modeling

*Executed with input from HDM results data and,
selectively, with other datasets to allow for a
comparative analysis of model performance



Resolving oceanographic variability by detailed
flow modelling: The Outer Thames Model
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New York Bight HD model
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Data Collection

m Example DataNeed

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

Mainly abundance surveys and environmental data, e.g.:
e aerialvisual, aerial optical, ship-based abundance data
* pertinent environmental datasets (see those under
hydrodynamic modeling, chlorophyll-a, AlS data, etc.)

Hydrodynamic

Dynamic Habitat

Literature, or telemetry/ stationary/ abundance surveys
regarding:
* Habitat/migration characteristics
 Movement characteristics (e.g., swimmingrates,
depths, diving, etc.)
* Feedingcharacteristics
e Social characteristics

Agent-based .
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Atlantic Ocean

AMAPPE FWS Agcial Survey (2014-2018)
AMAPPES Nartheast Aenal Survey (2018}
Shipboard Survey

— AMAPPE ‘eseal (2014)

— Nortaweat Atlsntic Seablrd Catslog (2014-2078)

Sources: DHI 2021, ESRI2020: NOAA 2019: WEP 2027,
Nomnenseau 2021, Nortn west Allantic Sea Bird Catalag 2027}

Ezunar Survey of Empere Yand Aree [2017-2018)
— NYSERDA, Normandesu (2C16)
— NYSERDA, Normandesu {2C17)
— NYSERDA, Normandesu {2018)
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*portions of the Fin whaledata 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

Sk 00w 15 W 70w T 70w
NY
PA :
Jamizug 2
-4 = “NJ
&7 & Eritaeptn,
z = =
47 387 #
50 Meler Balhymeliic Conlour —— 50 Meter Bathymetric Contour |
200 Meter Bathymetric Contour — 200 Meter Bathymetric Contour
Figure x-x " . " . . . . y
Habitat Zone: Summer Salinity (PSUI50m)  *  Observation Sum"gr Salinity at Habitat Zone: Summer Current Speed (CS, misec “1000) «  Observation Figure x-x lﬁnwt Zone: Summer Stratification (SST - Temp at SOm)  *  Observation Figure x-x
Estuarine; <32 —— Transect 50 Meters Depth B Low =200 — Transect Summer Curent Speed . Low (T<5) Transect Summer Stratification
= Habitat Zones With 7 a D A Habitat Zones With . o D : Habitat Zones With
I Mixed estuarine-shelf water: 32-32.89 [_] Final Study Area T&nsed;:nd Medium 200-399 Final Study Area Transects and igh (T>=5) Final Study Area Transects and
servations i - Chservations Observations
I Mixed oceanic-shelf water; 34-34,98 I High »=400
B Oceanic water: == 35 N Avante Ocean N Atante Ocean N Atante Ocsan
Saurces: DHI 2021, ESRI 2020 NOAA 2019 WSP 2021, f Saurces: DHI 2021, ESRI 2020 NOAA 2019 WS 2021,

Sources: DHI 2021: ESRI 2020: NOAA 2019, WSP 2021, OBISSea Map 0255 100 150 A WA I ) OBIS Sea Map 2027, Narmandesu 2027, North-west Allanlic 0255 100 150 A WS )) OBIS Sea Map 2021, Narrmandeau 2021, North-west Allanlic D 255 100 150 A WS I )
2021, Normanzgeau 2021, North-west Allantic Sea Bird Catalog 2021) I Klometers Sea Bird Catalog 2021) A — < aneters Sea Bird Cataleg 2021} —— orneters




Dynamic Habitat Modeling Concept

Geographic Space

ar

Sample Data

Statistical Applications
Data Space

Species ~ Vanable 1 + Variable 2 + Varable 3

L

Geographic Space

Model Habitat

DHI
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Dynamic Habitat Modeling (DHM)

Dynamic Habitat Modeling » Ultilizes a specialized model script trains

Generalized Additive Mixed Models (GAMMs) and

L opedes A J «  FeldData | executes the trained GAMMs to the applicable
| results in DHI's MIKE 3/21 to produce Dynamic
Dimensionaliy Reduction Habitat Suitability maps
e L (preometence, | m | pssecsmentof - GAMMs run to produce 'Presence Absence’
PredictiveAccurach ? Positive Density) ¢ Model Fit J (P/A) and 'Positive Density’ (PosD) models
¢ - iterative isolation of significant habitat
| redictions J Predictors (variables) via review of related
—— correlation statistics and adequate ‘Model Fit'
and 'Predictive Accuracy’
Statistical analysis that links sighting survey - training applicable GAMMs results in DHI's
observations to oceanographic conditions MIKE 3/21 to produce Dynamic Habitat

referred to as ‘habitat drivers’, or ‘Predictors Suitability maps



DHM in More Detall

Example of Predictor Variables derived
from HDM:

Brunt—Vaisala, Current speed, Current
Gradients, Current Vorticity, Water
Temperature, Salinity, Salinity Gradients,
etc.

SST

- Distance to land

Example of L=
‘Other Dataset’

Variables

biomass
Hard substrate

Number of shipsr

Predictor =

L

-

1. Data Processing & Alignment

Proc.

HDM Results

-
s
Fieldp,aat»a“.'Effort & Observations
’f

-

HDM Predictor ==

Variables K___ ':E:'

’
Cd
’

’
’

’
’
2. Generalized Additive Mixed Mﬂdeling
'

Pos Density
Modeling

3. Predictive Accuracy

’

Other Dataset

’

Aligned Obs. Data

Predict

Fitted Functional
Relationships

Predictor Variables

s Kol

Predicted Relative
Density

Intersect

Fit

Predictor Variables

Combined Tidy
Data

Fitted Functional
Relationships

Field Observations

Statistical Fit

Accuracy
Metrics

4. Predictions

New Data, e.g., HDM Hindcast
Results

Model
Implementation

Post-processing

Optimal Predictor Variables (Best

Model)

Spatial & Temporal Habitat
Suitability Index




Northern Gannet—

DHM results during short-term
period of significant habitat change

* Example of animated
Habitat Suitability
results




Fin Whale —

DHM results during short-term
period of significant habitat change

* Example of animated
Habitat Suitability
results




Predictive flight modelling

DHI

e

Denmark

Baltic Sea

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

Source: DHI internal



Predictive flight modelling

BIG video file omitted
from check

Source: DHI internal

DHI



Agent Based Modeling (ABM)

DHI

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

States (volume, mass, etc.)

Exact position (x,y,z)

Movement - direction

Movement - speed



Red-throated Loon ABM

Agent Container

Repeat ov er simulation period

o Internal Initial Flnal Exit
Initialization . — .
state Formulate Intention Modify Intention domain
objectivee.g., objective

e.g., find .
: find food AESEsE fo%d = st Determine
. Starting Check internal states, navigation  \when night- ;nov ement
. e.g., migratory urge, potential time o'
Iopgtlon hunger, day -night for GBI
° Initial cycles achieving objective
i objective
internal

SSy 7 Navigaton Movemen
A T e Y

Check environmental
forces affecting
nav igation and

mov ement e.g., wind
speed and direction
aff ects flight altitude

Habitat Wind Day/Night



Fin Whale ABM

Agent Container

( Repeat over simulation period \

o Internal Initial Final Exit
Initialization i _ . p—. .
state Formulate Intention Modify Intention domain
objective and ObJef%‘tl\ée
assign €.g.1n ;
. budgets Assess food = land Leziis
. Sta rtlng navigation ST TETIE ;ﬂovement
location Checkinternal states, ;)Oortentlal when too ;crhieving
" e.g. are the allocated o closeto s
¢ Initial time budgets depleted achieving coastline !
internal for the current state? B
states

Navigation Movement

Check environmental M|I||ng

forces affecting
navigation and
movement e.g. wind
speed and direction
affects flight altitude

Fin Whale

Foraging

Feeding

l
[
[
[
k Resting

Habitat Coastline



Fin Whale ABM

Calibration & Validation Analyses
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IS

Construction

ISy

Post-construction

Decommissioning

LA monitoring
monitoring
- Species composition
_& Species composition Distribution
Baseline Distribution Density
Densit o B e
surveys Fl?”;' é’ _ Flight directions
3 ' B Igs-QireELions Flight height
_gS_ Species composition Flight height Flux rates (MTR)
Site Distribution Flux rates (MTR) Macro avoidance
siitksble Density Macro avoidance MhesRavEdatEs
Flight directions Meso avoidance Micro avoidance
Migration corridors  Flight height Micro avoidance
‘Hot spots’ Flux rates (MTR)
Political Consenting
concencus and approval Construction
° ® ® ®
Tender

award

DHI
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Loggerhead Turtle DHM
Average Seasonal Habitat Suitability
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Northern Gannet DHM
verage 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

WA * Left: results animation of Red-throated Loon
B B ey 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 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)
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Model applications for local risk assessments
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High level of observed variation of wildlife in OWFs means Dﬁ
low power for detecting impacts

Northern Gannet, 2002-2017
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Using spatial models to improve the power of post- DHI'Y
construction monitoring

N. Gannet mean density pre-const. N. Gannet mean density post-cog'lst.
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Coming Soon

Check back soon for

upcoming webinars in:

« Offshore Wind & Hydrogen

= National Historic Preservation g e e |
Act, Section 106 L3 - We want your feedback' Sen

- Offshore Wind Data Collection | ' ~suggestions for future—weblnar top =

and Management = == = 1B offshorewmd n userda__ni.' e

Visit wind.ny.gov to register
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