CLIMATE CHANGE, SHIPS, & THE BERING SEA:

USING AN OPEN-SOURCE MACHINE LEARNING TOOL TO PREDICT THE FUTURE DISTRIBUTION
OF COMMERCIAL FISHING VESSELS
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RESULTS NEW AIR STATION

= .. | Fishing Vessel Distribution RCP26 =i | Fishi istributi —

WHERE WILL COMMERCAIL FISHING
VESSELS MOVE IN THE THE FUTURE GIVEN
CLIMATE CHANGE?

BACKGROUND

i - ¥ " L
NCraose in ; ] - NCrease in y E
N ft 1 . Falhwa-r {REP} 3hing Litl] ] . .
-2 ; Is a greenhouse = Is a greenhouse - Represeniative
gas concentration - - gas concenftration o . _ Concentration
] frajectory adopled by Ly O frajectory adopled by s 9 1 i _F‘ulhwu'.' (RCPF)

the Intergovernmental the Intergovernmental 3 is a greenhouse

= | Optimization of Potential Coast Guard Station

Shealt

o ange in District 17

RCP45 Fahing
Vessel Dishibution

= RCP45

we | Optimization of Potential Coast Guard Station

Shlt

e in District 17

RCF2& Hahing
Vessel Dishibulion

~ RCP2%

Representative Bl High Prebability

N High Prebabiliby

Representative
Concenfration
Pathway (RCF)

Is o greenhouse
gas concenhation
wajectory adopled by
thve Intergaevemmenial
Fanel on Climate
Change [IPCC)

Panel on Climate Panel on Climate - gas concenfration

» ARCTIC SEA ICE EXTENT DECREASE OF 13.1%/DECADE SINCE 1979 (NASA 202) . A N == _ = _ S
» BENTHIC TEMP. IN THE BERING SEA HAS INCREASED (CHEUNG ET AL. 2010) '
» THE BERING SEA ACCOUNTS FOR 30-40% OF ANNUAL COMMERCIAL FISH CATCH izl = —

- 5. SRy

] 100 200 400
e

IN U.S. ( METC ALFE ET AL. 2021) Created by: Jukemuenen”iurces: NOAA; Bio-Oracle; MAXENT : E M el B e G L
 APPROX. 25-85% OF MARINE SPECIES HAVE ALREADY SHIFTED THEIR it ishi istributi " s ishi istributi e

Projection: Stereographic North Pole

aluig al Uil- -
G E o G RAPH ICAL RAN G E C H E U N G ET AL 20] O) ::;“'" __"’*‘;"' . ::;“'" ._'“;f-' . LD e q”:':‘lltvs Created by Jake Thoenen Sources: NOAA; Bio-Oracle; MAXENT

M E I H 0 D o L O G I = | Oplimization of Potential Coast Guard Station = | Optimization of Potential Coast Guard Station

Spatial Reference
Datum: WGS 1984
Projection: Stereographic North Pole

0 100 200 400
Miles  Created by: Jake Thoenen  Sources: NOAA; Bio-Oracle; MAXENT

U5 Bering Sen
Sheit Shelf

Change v F - ] - - . -
’ 2 MH-£0T B MH-£0T Range D i t 1 7
in District 17 e In Distric
, Vessel Dishibution Vessel Dishibution
3 Representative ' Representative Value R C P 6 0 Volse R C P85
creas ¥ s Concentration TS : f . Concentration - - -
ishing Vesse Pathway [RCP) ishing Vesse S Pathway [RCP) e R
c Is a greenhouse L e Is a greenhouse
X gas concentration soid o gas concentration
- % frajectory adopled by frajectory adopled by
the Intergevernmental the Intergovernmental [~ | . [ ]

Panel on Climate Panel on Climate [ - |
Change (IPCC) Change (IPCC) B High Frobabliity g I High Probabiiity

e ON-BOARD TRANSMITTER RELAYS FIGURE 1: » * » * - | -
— Concentration " Concentratian
EXAMPLE OF - t : Palhway (RCP) ! i Falhway [RCF)
; h i Is o greenhouse = is a greanhouse
) ' ) ) i ) S gas concenfrafion gas concentration
VE SS E L,S LOCATI o N To N OAA VMS VESSE L Spatial Reference Spatial Reference B kajectory adopled by kajectory adopled by
Datum: WG5S 1984 - Datum: WGS 1984 * the Infergovernmenial fhe Infergovernmenial
POSITION Projection: Stereographic North Pole Projection: Stereographic North Pole Panel on Climate Panel on ‘-""’!“r"

Change [IFCC) - Change (IPCC)

RE Po RTS Ij—im:l—_:z'u{l_lml'?:i||e-.s | 4 iy AL quﬁhm

Created by: Jake Thoenen Sources: NOAA; Bio-Oracle; MAXENT ' Created by: Jake Thoenen Sources: NOAA; Bio-Oracle; MAXENT

FISHERIES VIA SATELLITE EVERY 30
TO 120 MINUTES

e NOAA MONITORS >4,000 VESSELS
24 HRS/DAYS

MAXIMUM ENTROPY ) [ :

MODELING {MAXENT) WHAT ARE THE IMPLICATIONS FOR COAST GUARD e T L e e T i
e OPEN-SOURCE MACHINE LEARNING

SFC Temperature ?
= OPERATIONS IN THE BERING SEA'; DISCUSSION

Ice Thickness
o ORIGINALLY DEVELOPED TO MODEL SFC Current Velocity

ENDANGERED SPECIES Benthic Salinity = Range of i Basemap: AT rrrosemow
° PREDICT FUTURE DISTRIBUTION OF Benthic Current Velocity %'A ad o CUTre nlll U .S. Bering :. "ﬁ f Prudhog Bay
enthic Temperature ) COGS* famit otzabue
COMMERCIAL FISHING VESSELS IN S — h Sea Shelf A R

| H
FIGURE 2: ENVIRONMENTAL Guqrd Alr Created By: Jake Thoenen

FUTURE CLIMATE SCENARIOS VARIABLES USED TO TRAIN MODEL | Stations Il " .= | +"‘°"’“‘-‘U"a|::::"° Pk
e TRAINED TO RECOGNIZE THE IPCC Representative Concentration Pathways 4

COMBINATION OF VARIABLES

ASSOCIATED WITH CURRENT (2014)

FIGURE 5: PROJECTED CHANGE IN FISHING VESSEL DISTRIBUTION FROM 2014 TO
2100 GIVEN RCP: 2.6, 4.5, 6.0, & 8.5

Spalial Reference - k! Spatial Reference
Datum: WGS 1984 Datum: WGS 1984
Projection: Sterecgraphic North Pole Projection: Sterecgraphic North Pole

0 100 200 00 {ERE, Ganm 5 ERE 0 100 200 400
e e Milez:  Created by: Jake Thoenen  Sources: NOAA; Bio-Oracle; MAXENT Miles  Created by: Jake Thoenen  Sources: NOAA; Bio-Oracle; MAXENT

7 st Marys
4
Aniak
1,,th¢-3!1‘1:—:-| +Anchorage
Juneau

=
o
o
o

€
g
c -+4King Salmon
% Spatial Reference Fi EGCh square I.S
DISTRIBUTION OF s L L e 50x50km
¢ 0 - 4DO'Ies 0 125 25 500
FISHING VE SSE Ls é Created by: Jake Thoenen Sources: NOAA; Bio-Oracle; MAXENT Esel HERS,GaTinky UGS, Earl HERE - Miles ) (VT Gt (080 T,
FIGURE 6: RANGE OF CURRENT COAST GUARD AIR FIGURE 7: LOCATIONS OF COAST GUARD ASSETS IN
2000 2020 2040 2060 2080 2100
e MARINE RASTER DATA LAYERS %
FIGURE 3: CLIMATE MODELS USED FOR 2100: RCP85 STATIONS GIVEN LFAEYmD‘:\?I(E) (I:IE=LA$CTION OF MH-60T THE PAST EQUIPPED FOR AIR STATION CAPABILITIES

FROM BIOORACLE (2000-2014) MOST PESSIMISTIC & RCP26 MOST OPTIMISTIC

e RE-RUN WITH RASTER DATA LAYERS TABLE 1: CONTRIBUTION OF ENVIRONMENTAL VARIABLES
FOR CURRENT FISHING VESSEL DISTRIBUTION

ACKNOWLEDGEMENTS

Create range for each
potential station based
on MH-60T HELO

NATIONAL OCEANIC & ATMOSPHERIC ADMINISTRATION
DR. LUCY VLIETSTRA, U.S. COAST GUARD ACADEMY

REFERENCES

e CHANGE, N. G. C. (2021). ARCTIC SEA ICE MINIMUM | NASA GLOBAL CLIMATE CHANGE. CLIMATE CHANGE: VITAL SIGNS OF THE PLANET.
HTTPS://CLIMATE.NASA.GOV/VITAL-SIGNS/ARCTIC-SEA-
ICE /#:%7E:TEXT-ARCTIC%20SEA%20ICE%20REACHES%20ITS%20MINIMUM%20EACH%20

FOR 2100 UNDER DIFFERENT Vari , R
‘ariable Percent contribution

REPRESENTATIVE CONCENTRATION Surface ice thickness 76.3

PATHWAYS (RCP) Surface salinity 15

Surface temperature ‘—41

* PRODUCED RASTERS THAT Benthic_tenlperature‘—3
PROJECTED FISHING VESSEL Benthic_salmity 1.5

Surface current velocity 0.1
LOCATION FOR 2100 o valaeito
Benthic current velocity 0

Extract positive values
of each climate model

Calculate % coverage

a nd sSum Of p ro ba bl I Ity SEPTEMBER.,EACH%20SEPTEMBER%20SINCE%201979%2C%20DERIVED%20FROM%20SATELLITE%200OBSERVATIONS.

e CHEUNG, W. W. L., LAM, V. W. Y., SARMIENTO, J. L., KEARNEY, K., WATSON, R., ZELLER, D., & PAULY, D. (2010). LARGE-SCALE REDISTRIBUTION OF
MAXIMUM FISHERIES CATCH POTENTIAL IN THE GLOBAL OCEAN UNDER CLIMATE CHANGE. GLOBAL CHANGE BIOLOGY, 16(1), 24-35.

2 HTTPS://DOI.ORG/10.1111/J.1365-2486.2009.01995.X

Determine best CG ¢ MARCH, D., METCALFE, K., TINTORE, J., & GODLEY, B. J. (2021). TRACKING THE GLOBAL REDUCTION OF MARINE TRAFFIC DURING THE COVID-19

H PANDEMIC. NATURE COMMUNICATIONS, 12(1). HTTPS://DOI.ORG/10.1038 /S41467-021-22423-6
AIRSTA Iocatlon for eaCh B RCP26 RCP45 RCP60 RCP85 e NATIONALOCEANIC&ATMOSPHERICADMINISTRATION.(2021).ENFORCEMENT:VESSELMONITORING.NOAAFISHERIES.

¢ o 18 8

. : HTTPS://WWW.FISHERIES.NOAA.GOV /TOPIC /ENFORCEMENT#VESSEL-MONITORING
FIGURE 4: RASTER CALCULATOR climate model . STEVEN/S/ON, D. E., & LAUTH, R. R. (2018{. BOTTéM TRAWL SURVEYS IN THE NORTHERN BERING SEA INDICATE RECENT SHIFTS IN THE DISTRIBUTION
USED TO VISUALIZE AREAS OF FIGURE 8: PERCENT COVERAGE OF FUTURE VESSEL OF MARINE SPECIES. POLAR BIOLOGY, 42(2), 407-421. HTTPS://DOI.ORG/10.1007 /S00300-018-2431-1
« THORSON, J. T., IANELLI, J. N., & KOTWICKI, S. (2017). THE RELATIVE INFLUENCE OF TEMPERATURE AND SIZE-STRUCTURE ON FISH DISTRIBUTION
FISHING VESSEL CHANGE AND DISTRIBUTION BY MH-60T RANGE OF ACTION SHIFTS: A CASESTUDY ON WALLEYE POLLOCK I(N Tl-u)a BERING SEA. FISH AND FISHERIES, 18(6), 1073-1084. HTTPS://DOI.ORG /10.1111/FAF.12225

ABUNDANCE



