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: 2.349 million acres under lease \ Y J
o 30 GW capacity by 2030
5 ~3,400 turbines Recently announced WEAs

5 9,874 miles of submarine cables
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Spatially Explicit Fisheries Economic Simulator NS 4

SEFES AN

Wind Energy Areas External Forces Climate Forcing
« Safe vessel operation + Fuel/Vessel cost * Weather
 Survey displacement + Port location + Season

* Fleet displacement + Wholesale value

SEFES

Agent-based model developed to
assess changes in commercial

Plant Economics Model

+ Fishery independent data : (Igll;g'!adiaéloilii:: . . . ] .
et | P tangoraion shellfish fisheries arising due to
« Survey report : ¥I86I:’e added

offshore wind development and
et o s A climate change

«+ Statutory/Regulation constraints
+ Precautionary choice

Vessel Fishing Biological Forcing
Economics Model « Species overlap

5 5 * Vessel speed « Population structure
Captam_BehaworModsl + Vessel capacity « Fecundity Resource M ¢ Model
* Searching - Dredge size/efficiency + Recruitment e -
+ Communication - Fishing mortality « Mortality : management
* Skill « Size-biased fishing Quota
+ Memory Management Behavior
* Regulatory approaches
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Stock o o |
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Categor C Processes Property Source
m )
A Fleet dispersion Location y dep data and stock 39 N |
) Speed (knots), capacity (cages), dredge
2 Vasial charsciartetin pesd 8 size (length), dredge efficiency (rate of  Industry advice and stock assessment )
capacity, dredge size & efficiency
catch) + * + * ]
3 Safe vessel operation Subjective Industry advice )
4 Coptala r?\emovy, segrching & Catch (LPUE) per TMS Industry advice h 'I‘
s Captain skill Rate of catch Industry advice 38°N
6 Fishing mortality (size-selective) Rate of catch by size class Stock assessment
_ Number and properties of vessels, and  Industry advice and fishery dependent
7 Vessels i the fleet, quota alocation o % 1L S0 B s )
8 Port location Location (TMS) Fishery dependent data and stock assessment 3 + < 3 4 |
Ty ———
Processes > 1 l
9 Species overlap ~ Atlantic surfclams o1, (1) Industry advice and unpublished research data 37°N
and ocean qushogs
Recruitment (clams per m?), mortality ) ' ' ' '
Biological processes: recruitment, (natural mortality rate), growth (shell size Industry advice, stock assessment, and unpublished al p o
- mortality, growth, yield over time), yield (mass per size over data 76°W 74°W 72°W 70°W 68°W
season).
11 Population structure Length frequency and abundance by TMs _Stock assessment Longnude
12 Wind & temperature ‘f’ic';" (kilometers per hour), temperature  y1o1o.clogical and airport records

Quota, stock trends, & fishery

Quota (bushels), trends (abundance and

. .
13 d body size over time), ishery independent ~Stock assessment, MAFMC 2020, research papers
independent d
independent data body ime —
1 Survey Report K distribution and biomass by TMS__ Stock
15 Survey displacement Location and movement Advisor advice t t I 1 O y 1 O y . I
Industry advice and published prices s r LI : LI r s : I I X g rl
1 FosL & vessel sty it (Energy Information Administration)
| 17 Wholesale value Prices by product type Industry advice
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Shoreside integration

Ccims = Z Cages;, Distance;,. FreightRate,

ic

Industry-informed financials
Cije = frRis
C{_‘,‘d = FuelPrice,

X (Hr;‘ff‘"" FuelSteam; + Hr,-/"fh FuelFish,—) ,

Cpaint = (MjrMnt, TSurf;) + (RegMnt; NTrip;,),

Vessel Hull Number Average  Average Average  Wind
Category Length  of Cage Vessel Dredge  Conditions
(m) Vessels  Capacity Steaming  Width  Preventing

Speed(m  (m) Fishing (m's~
s)) )

small 524 1 31 45 23 >5

Medium 2429 10 54 46 33 >8

Large 29-33 8 66 49 37 >8

Jumbo >33 4 140 -5 4 46 >10
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Surfclam Biology

Length-structured population

L =Ly (1-e™)

Growth

Mortality
Yield

Bishiing;

Spatially-variable mortality

Latitude (*N)

72
Longitude (W)

Decisions informed by memory

Mipye = fOldipye + (1 = f)Newppyk
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Parameterization and model validation | Aggregate
] = : fishery
* Represent existing stock and industry " of (@) ®) g =
« Parameterize: stock assessment / : o] é T ]
available biological information; captain, e E 1B B
industry interviews; vessel trip reports e e - | Individual
= I N vessels
+ Validate: compare model output to =318 B
assessment and fishery data e
« Utilize industry and management N =" el/:‘“E s _
advisors throughout model development : & ° - I8 # _Spatial
< R distribution
. _ ) }/f;ﬁ!ﬂ :
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Current SEFES implementations:

» Atlantic surfclam (Spisula solidissima)
» Offshore wind impacts, climate driven
population shifts

» Atlantic sea scallop (Placopecten magellanicus)
» Offshore wind impacts

» Ocean quahog (Arctica islandica) considered
via technical interaction in surfclam model,
future model development being explored
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Evaluating impacts of offshore wind
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Simulation strategy: evaluate changes in fishery
across different wind energy development scenarios
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Wind energy
scenario

Description

Status quo; no wind farms

" @
Currept wind farms; =TRRERT
Transit allowed
LEASES
WAIT
Current wind farms; | VTS
No transit allowed , LEASES
W1N
Current & future |
CURRENT
wind farms; LEASES
W2T Transit allowed
FUTURE
LEASES
Cur(;efnt & future “ORRET
W2N No transit LEASES
i
allowed EUTURE
LEASES




Fleet revenues
vent Surfclam results

50 -
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= 404 : : :
e ZZ_ * Number of trips reduces, time at sea increases
2 ﬁﬁﬁﬁ « Decrease in revenues of ~3-15%

20- 2R 2 e » Effort displacement increases average costs 0-5% (fuel

= costs +0-10%)
Average costs * Processor transportation costs increased ~1-4%
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Technical interactions with ocean quahog

* Trips cannot land mixed catch — overlap increasing due to f -----
differences in climate response 5 20
38% e SC/OQ overlap
* Model used to evaluate interactive effects of OQ overlap o7 it | | |
and effort displacement due to offshore wind development " " Longtude (W) ”

* Range of catch efficiency penalties in overlap areas tested
Average Annual Landings

* Impacts of effort displacement amplified under reduced 3
overlap penalties
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Survey, management implications

» Offshore wind development will restrict federal survey

* Model used to simulate restricted survey and estimate
SSB, F in context of effort displacement

« Small increase in simulated biomass (~1%) due to effort
reductions with offshore wind

 SSB estimates decrease 3.5-17.3%, F increases 0.7-7.3%
when excluding wind areas
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Potential Repercussions of Offshore Wind Energy Development
in the Northeast United States for the Atlantic Surfclam Survey
and Population Assessment
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Climate effects

, o _ || 20162019 [EEERPLEELES
« Warming bottom water temperatures are shifting suitable

habitat, e.g., >21°C reduces feeding, leads to starvation o
of Atlantic surfclam 401

* Bottom water temperature forecasts (ROMS output) used 381
to force biological sub-model

37
-76 -74 -72 =70 -68
CADAIOINIHTHOANDIOINNVNLTHOADINONAIINITHOADIINND N O
NS S VA I VA N AR S S S N S S ¥ ¥ SO DO L o
SRS TTTSTTSSTSSSSSESS
B Nosctt,t2
V3 B
F't/;recast bottom temps 5 18 SCt1, t2
g Surfclam Stock Biomass I
Averaged by season and years g e

z 2 14

No SC t1, SC t2

|
: ...I o

2016-2019 2026-2029 2036-2039 2046-2049 2051-2055

Average Stock Biomass (milli

ViIVaS | Sy

VIRGINIA INSTITUTE OF MARINE SCIENCE




Conclusions

 Integrated bioeconomic modeling approach used to assess impacts of
changes in ocean use and habitat for economically important shellfish

« Compare simulated output across parameterizations reflecting existing
and potential future conditions — highly customizable (data heavy)

» Suite of species and conditions considered expanding; model
development and validation is an intensive process
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