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E[ecutiYe summar\
The SSace VecWRU iV gaiQiQg aQ iQcUeaViQg UROe iQ RXU OiYeV, aQd WaNiQg a PRUe SURPiQeQW UROe iQ
RXU ecRQRP\, ZiWh aQ iQcUeaViQg QXPbeU Rf aSSOicaWiRQV aQd VecWRUV becRPiQg VXSSRUWed b\
VSace aQd VaWeOOiWe WechQRORg\ iQ VRPe Za\. TheUe aUe a QXPbeU Rf WUeQdV dUiYiQg WhiV SURceVV.
HiVWRUicaOO\, VaWeOOiWe OaXQch aQd RSeUaWiRQ haV beeQ dRPiQaWed b\ QaWiRQ VWaWeV dXe WR Whe high
cRVWV Rf deYeORSPeQW, cRQVWUXcWiRQ, OaXQch aQd RSeUaWiRQV Rf VaWeOOiWeV. HRZeYeU, aV ZiWh RWheU
aUeaV Rf WechQRORg\, VaWeOOiWe WechQRORg\ iV beQefiWiQg fURP PiQiaWXUiVaWiRQ, aQd iQcUeaVed fORZV
Rf iQYeVWPeQW caSiWaO. ThiV PeaQV WhaW Whe VSace VecWRU iV iQcUeaViQgO\ beiQg dRPiQaWed b\ Whe
SUiYaWe VecWRU, ZiWh QeZ cRPSaQieV ePeUgiQg aQQXaOO\ RffeUiQg QeZ VeQVRUV RQbRaUd QeZ
VaWeOOiWe cRQVWeOOaWiRQV; aQd QeZ cRPSaQieV RffeUiQg daWa aQaO\ViV VeUYiceV. MRUeRYeU, Whe VSeed
ZiWh Zhich QeZ VeQVRUV aQd VaWeOOiWeV aUe deYeORSed iV iQcUeaViQg, ZiWh VaWeOOiWe PiVViRQV beiQg
deYeORSed fRU VSecific XVe caVeV. ThiV µAgiOe SSace¶ aSSURach VeeV cRPSaQieV PRYiQg fURP
PiVViRQ cRQceSW WR OaXQch aQd RSeUaWiRQ iQ aV OiWWOe aV 18 PRQWhV. AV VXch, WheUe aUe aQ
iQcUeaViQg QXPbeU Rf aSSOicaWiRQV deUiYed fURP SSace daWa, aQd iQcUeaViQgO\ iW iV beiQg
PaiQVWUeaPed iQWR RXU daiO\ OiYeV: each WiPe \RX bRRN aQ UbeU Wa[i, RU JXVWEaW, \RX aUe UeO\iQg
RQ VSace-baVed ORcaWiRQ VeUYiceV.

WiWh Whe SUROifeUaWiRQ Rf dePaQd fRU VSace-baVed aSSOicaWiRQV, aQd acceOeUaWiRQ Rf VXSSO\ Rf
WechQRORgicaO iQQRYaWiRQ, Whe SSace VecWRU iV SURjecWed WR gURZ UaSidO\, aQd be ZRUWh �400bQ b\
2030. The UK gRYeUQPeQW aVSiUeV WR caSWXUe 10% Rf WhiV PaUNeW, aQd Whe ScRWWiVh gRYeUQPeQW
1% Rf WhiV PaUNeW. IQ Whe abVWUacW, WhiV hXge SRWeQWiaO iV e[ciWiQg. ThiV UeSRUW ZaV cRPPiVViRQed
iQ WhiV cRQWe[W. The RbjecWiYe ZaV WR SURYide aQ RYeUYieZ Rf cXUUeQW VaWeOOiWe aQd
VaWeOOiWe-eQabOed WechQRORg\ aQd XQdeUVWaQd hRZ WhiV cRXOd be deSOR\ed WR VXSSRUW Whe
FiVheUieV VecWRU iQ ScRWOaQd, bRWh QRZ aQd iQ Whe fXWXUe.

The cRPPiVViRQiQg Rf WhiV UeSRUW iV WiPeO\: aV Ze ZUiWe, Whe UK iV UXQQiQg a cRQVXOWaWiRQ RQ iWV
QaWiRQaO VSace VWUaWeg\. HeUe iQ ScRWOaQd, PRUe VaWeOOiWeV aUe beiQg SURdXced WhaQ aQ\ZheUe
eOVe RXWVide CaOifRUQia. ScRWOaQd haV a gURZiQg e[SeUWiVe iQ µAgiOe SSace¶, ZiWh Whe big SicWXUe
beiQg WhaW ZiWhiQ Whe Qe[W cRXSOe Rf \eaUV, ScRWOaQd ZiOO haYe aQ eQd-WR-eQd VXSSO\ chaiQ iQ
VSace. ThiV PeaQV WhaW Ze ZiOO haYe Whe caSaciW\ WR VSecif\, OaXQch, RSeUaWe aQd aQaO\Ve Whe
daWa fURP VPaOO VaWeOOiWeV iQ RQe cRXQWU\. ThiV iV QRW WR be SaURchiaO - WheUe aUe Rf cRXUVe
RUgaQiVaWiRQV acURVV Whe UK (e.g. SaWeOOiWe ASSOicaWiRQV CaWaSXOW, UK SSace AgeQc\) aQd
EXURSe (e.g. EXURSeaQ SSace AgeQc\) ZiWh ZhRP FIS caQ eQgage - UaWheU PRUe WhiV iV WR
cRQYe\ Whe d\QaPic aQd e[ciWiQg ScRWWiVh cRQWe[W iQ Zhich WhiV We[W iV ZUiWWeQ, heQce Ze dR
UeWaiQ a ScRWWiVh fRcXV.

WheQ iW cRPeV WR daWa aQaO\WicV, EdiQbXUgh haV VeW iWVeOf Whe aPbiWiRQ Rf becRPiQg Whe SSace
DaWa CaSiWaO Rf EXURSe. AOUead\, Whe caSiWaO iV deYeORSiQg aQ aggUegaWiRQ Rf cRPSaQieV ZiWh
e[SeUWiVe iQ Whe aQaO\ViV Rf SSace daWa, ZiWh a ZRUOd-cOaVV UeVeaUch hXb ceQWUed aURXQd Whe
ciW\'V UQiYeUViWieV. ThiV SURYideV e[ciWiQg RSSRUWXQiWieV fRU Whe fiVheUieV VecWRU fRU ORQg-WeUP
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eQgagePeQW iQ Whe deYeORSPeQW Rf QeZ aSSOicaWiRQV WhURXgh UeVeaUch aQd deYeORSPeQW
SaUWQeUVhiSV.

ThiV gURZiQg ecRV\VWeP Rf XQiYeUViW\ UeVeaUcheUV aQd SUiYaWe cRPSaQieV RffeU a VXiWe Rf
VeUYiceV UeOeYaQW WR Whe fiVheUieV VecWRU, fURP deVigQ aQd PaQXfacWXUe Rf QeZ VPaOO VaWeOOiWeV,
WhURXgh WR WUaQVfRUPaWiRQ Rf VaWeOOiWe daWa iQWR XVefXO iQfRUPaWiRQ WR VXSSRUW PaQagePeQW
deciViRQV aQd UegXOaWiRQ. We SURYide VRPe Rf WheVe cRQQecWiRQV e[SOiciWO\ iQ a VXPPaU\
µRXWcRPeV¶ VecWiRQ aW Whe begiQQiQg Rf Whe UeSRUW. ThiV SURYideV a ZUaSSeU aURXQd a dRcXPeQW
Uich ZiWh WechQicaO deWaiO aQd aSSOicaWiRQV, aQd WUaQVfRUPV iW iQWR aQ acWiRQabOe Siece Rf ZRUN.
MRUeRYeU, giYeQ Whe eQWhXViaVP fRU WechQRORgicaO iQQRYaWiRQ aPRQgVW fiVheUieV VWaNehROdeUV,
Whe SSace IQWeOOigeQce WeaP VeeV WhiV UeSRUW QRW aV aQ eQd RXWSXW, bXW UaWheU Whe begiQQiQg Rf aQ
eQgagePeQW WR heOS VXSSRUW Whe ScRWWiVh fiVheUieV VecWRU beQefiW fURP e[ciWiQg QeZ SSace
WechQRORgieV.

WhiOVW Whe iQdXVWU\ VeePV QeZ, VaWeOOiWeV haYe iQ facW beeQ RUbiWiQg EaUWh ViQce Whe OaVW ceQWXU\,
eQabOiQg gORbaO cRPPXQicaWiRQV aQd eaUWh RbVeUYaWiRQV. TheVe VaWeOOiWeV haYe heOSed XV WR
PaS Whe SOaQeW, eQabOed QeZ QaYigaWiRQ WRROV, PaVV cRPPXQicaWiRQ aQd PRUe UeceQWO\ WR
dRcXPeQW OaUge-VcaOe eQYiURQPeQWaO chaQge. IQ Whe PaUiQe UeaOP, fiVheUieV-VSecific WaVNV aUe
eQabOed b\ WZR PaiQ cOaVVeV Rf VaWeOOiWeV: eaUWh RbVeUYaWiRQ (EO) VaWeOOiWeV aQd cRPPXQicaWiRQV
VaWeOOiWeV. EO VaWeOOiWeV caQ SURYide iQfRUPaWiRQ abRXW Whe PaUiQe eQYiURQPeQW (e.g., Vea VXUface
WePSeUaWXUe aQd ZiQd VSeed) aQd caQ aOVR be XVed fRU YeVVeO PRQiWRUiQg SXUSRVeV.
CRPPXQicaWiRQV VaWeOOiWeV (PRVW cRPPRQO\, UadiR-fUeTXeQc\ VaWeOOiWeV) caQ be XVed WR UecRUd
Whe ORcaWiRQ Rf YeVVeOV aQd fRU WUaQVfeUUiQg iQfRUPaWiRQ Yia VaWeOOiWe OiQN.

We aUe fRcXVVed iQ WhiV UeSRUW RQ QRYeOW\ aQd hRUi]RQ VcaQQiQg fRU Whe fiVheUieV VecWRU; hRZeYeU,
iW iV UeaVVXUiQg WR QRWe WhaW PaQ\ Rf Whe aYaiOabOe daWa aQd WechQRORgieV aUe aOUead\ XVed b\ Whe
fiVheUieV VecWRU aURXQd Whe ZRUOd WRda\; fRU e[aPSOe, WhURXgh aXWRPaWic ideQWificaWiRQ V\VWePV
(AIS) aQd YeVVeO PRQiWRUiQg V\VWePV (VMS). HRZeYeU, WheUe aUe VRPe aUeaV ZheUe WechQRORg\
dReV QRW aSSeaU WR haYe beeQ adRSWed VR UeadiO\, RU aUe VeeQ RQO\ aV deViUabOe b\ VRPe
VegPeQWV Rf Whe VecWRU. IQ VRPe caVeV, WhiV iV becaXVe eYeQ ZheUe SSace WechQRORgieV RffeU
beQefiWV WR VRPe VWaNehROdeUV, deSOR\PeQW QeedV WR be XQdeUWaNeQ iQ aQ eTXiWabOe aQd
VeQViWiYe PaQQeU. FRU iQVWaQce, effRUWV WR UROO RXW caPeUaV acURVV Whe fiVhiQg fOeeW RffeU Whe
chaQce WR iPSURYe caWch YeUificaWiRQ, bXW haV beeQ UeViVWed b\ fiVheUV ZheUe WhiV haV QRW beeQ
aSSOied WR aOO YeVVeOV fiVhiQg iQ Whe VaPe ZaWeUV. We OeaUQed WhaW deVSiWe SOaQV b\ Whe ScRWWiVh
GRYeUQPeQW WR SOace WUacNiQg deYiceV RQ Whe eQWiUe ScRWWiVh fOeeW, RQO\ 30% Rf RQe VegPeQW Rf
Whe fOeeW haYe WheP fiWWed.

OQe Rf Whe PaiQ aUeaV ZheUe VaWeOOiWe WechQRORg\ caQ heOS Whe ScRWWiVh fiVhiQg iQdXVWU\ iV
WhURXgh Whe cUeaWiRQ Rf a VSaWiaOO\-e[SOiciW aQQXaO PaS Rf ScRWWiVh fiVhiQg acWiYiW\. ThiV ZaV
ideQWified aV a VSecific XVe-caVe WhURXgh diVcXVViRQ ZiWh a FiVheUieV e[SeUW. IW aOigQV ZiWh Whe
ScRWWiVh GRYeUQPeQW¶V Fisheries Management Strategy fRU 2020-2030, Zhich ideQWifieV Whe Qeed
fRU iQcUeaVed VSaWiaO XQdeUVWaQdiQg Rf fiVheUieV diVWUibXWiRQ WR VXSSRUW deciViRQ PaNiQg aURXQd
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fiVh VWRcNV aQd VXVWaiQabOe OeYeOV Rf fiVhiQg. FiVhiQg acWiYiW\ diVWUibXWiRQ PaSV caQ aOVR heOS WR
UeVROYe geaU cRQfOicWV aQd WR UedXce Whe ORVV Rf fiVhiQg aUeaV WR RWheU PaUiQe VWaNehROdeUV (e.g.,
RffVhRUe ZiQd faUPV). ThiV XVe-caVe iV diVcXVVed iQ PRUe deWaiO iQ Whe µRXWcRPeV¶ VecWiRQ beORZ.

SaWeOOiWe WechQRORg\ caQ aOVR heOS Whe iQdXVWU\ WhURXgh iPSURYed PRQiWRUiQg Rf iOOegaO,
XQUeSRUWed aQd XQUegXOaWed (IUU) fiVhiQg, aQ iVVXe UaiVed WhURXgh PeeWiQgV ZiWh YaUiRXV
VWaNehROdeUV. IW iV iQcUeaViQgO\ difficXOW WR PRQiWRU IUU fiVhiQg, SaUWicXOaUO\ iQ Whe high VeaV ZheUe
OaQd-baVed WUacNiQg daWa iV XQaYaiOabOe aQd VhiS-baVed PRQiWRUiQg UeVRXUceV aUe e[SeQViYe,
WiPe-cRQVXPiQg aQd RWheUZiVe OiPiWed. ThiV UeSRUW e[SORUeV Whe XVeV Rf VaWeOOiWe WechQRORg\
aORQgVide WUadiWiRQaO AIS aQd VMS fRU YeVVeO WUacNiQg aQd PRQiWRUiQg, iQcOXdiQg Whe XVe Rf VPaOO
cRQVWeOOaWiRQV Rf UadiR-fUeTXeQc\ VaWeOOiWeV aV ZeOO aV high-UeVROXWiRQ iPageU\ fURP VaWeOOiWeV aQd
UAVV. AUWificiaO IQWeOOigeQce (AI) aQd PachiQe OeaUQiQg (ML) caQ be XVed WR SURceVV OaUge
aPRXQWV Rf daWa, WUaiQiQg PRdeOV WR ideQWif\ fiVhiQg SaWWeUQV aQd YeVVeO SURSeUWieV, iQcOXdiQg Whe
W\Se Rf fiVhiQg geaU XVed (e.g., WUaZOiQg geaU, ORQgOiQeV). GiYeQ WhiV, Ze dedicaWe a high-OeYeO
VXPPaU\ VecWiRQ Rf Whe UeSRUW WR AI aQd ML.

SaWeOOiWe WechQRORg\ caQ aOVR be XVed WR iPSURYe Whe efficieQc\ aQd VXVWaiQabiOiW\ Rf da\-WR-da\
fiVhiQg, fRU e[aPSOe b\ SURYidiQg iQfRUPaWiRQ WR heOS fiVheUV fiQd RSWiPaO fiVhiQg gURXQdV aQd
UedXce b\caWch. ThiQNiQg WR Whe fXWXUe, PaSV Rf VaWeOOiWe-deUiYed Vea VXUface WePSeUaWXUe aQd
RceaQ cXUUeQWV cRXOd be XVed aORQgVide ORcaO NQRZOedge WR ideQWif\ RSWiPaO fiVhiQg gURXQdV aV
Whe cOiPaWe chaQgeV. ThiV iQfRUPaWiRQ caQ be XVed b\ fiVheUV WR decUeaVe Whe OeQgWh Rf WiPe
VSeQW aW Vea VeaUchiQg fRU aQd caWchiQg WheiU TXRWa, UedXciQg fXeO XVe aQd cRVWV, bXW aOVR
caUbRQ ePiVViRQV. HRWVSRWV fRU SURWecWed aQd/RU chRNe fiVh cRXOd be ViPiOaUO\ ideQWified, aQd caQ
be aYRided b\ fiVheUV WR VigQificaQWO\ UedXce b\caWch, aQd iPSURYe VXVWaiQabO\.

AV ZiWh PRVW eQYiURQPeQWaO-baVed daWaVeWV, Whe XVe Rf VaWeOOiWe daWa dReV SUeVeQW VRPe
chaOOeQgeV; fRU e[aPSOe, iVVXeV ZiWh cORXd cRYeU fRU RSWicaO VaWeOOiWeV, Whe fUeTXeQc\ Rf VaWeOOiWe
SaVVeV fRU SURYidiQg QeaU-UeaO WiPe PRQiWRUiQg aQd Whe VRPeWiPeV SURhibiWiYe cRVWiQg Rf
acTXiUiQg OaUge YROXPeV Rf cRPPeUciaO VaWeOOiWe daWa. ThiV OiVW iV QRW e[haXVWiYe, aQd ideQWified
chaOOeQgeV aUe diVcXVVed WhURXghRXW Whe UeSRUW ZheUe aSSURSUiaWe.

IQ addiWiRQ, aV PeQWiRQed aW Whe RXWVeW, Whe VaWeOOiWeV Zhich SURYide Whe iQfRUPaWiRQ WhaW Ze aUe
deVcUibiQg aUe bRWh SUiYaWeO\ aQd SXbOicO\ RZQed. ThiV PeaQV WhaW VRPe daWa caQ be acTXiUed
fUeeO\, ZheUeaV RWheU daWaVeWV PXVW be SXUchaVed RU Whe V\VWePV hiUed aV a beVSRNe VeUYice.
IQfRUPaWiRQ caQ WheUefRUe be acTXiUed aV a SURdXcW RU VeUYice, iQWegUaWiQg iQWR e[iVWiQg aQd
fXWXUe PaQagePeQW fUaPeZRUNV WR VXSSRUW deciViRQ-PaNiQg. The aiP iV WR PaNe WhiQgV eaVieU
fRU Whe ScRWWiVh fiVhiQg iQdXVWU\ WR PaNe PRUe iQfRUPed deciViRQV.

FRU e[aPSOe, SSace IQWeOOigeQce XQdeUWaNeV Whe PajRUiW\ Rf iWV ZRUN PaSSiQg RXW OaQd cRYeU aQd
fRUeVWU\ acURVV Whe ZRUOd. We SURYide iQfRUPaWiRQ RQ hRZ PXch OaQd cRYeU WheUe iV, Rf ZhaW W\Se
aQd ZheUe (e.g., WheUe ZeUe 3000 ha Rf NaWiYe WRRdOaQd iQ AUg\Oe iQ 2020). ThiV iV XVefXO fRU
PaSSiQg RXW ZhaW iV caOOed NaWXUaO CaSiWaO, Zhich iV a UeTXiUePeQW Rf QaWiRQaO gRYeUQPeQW.
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ReceQWO\ Ze SURdXced aQ iQWeUacWiYe Zeb-PaS SURYidiQg WhiV iQfRUPaWiRQ fRU aOO VWaNehROdeUV iQ
ScRWOaQd (hWWSV://ZZZ.VSace-iQWeOOigeQce.cRP/VcRWOaQd-OaQdcRYeU/). ThiV SURjecW caPe abRXW
afWeU ZiQQiQg Whe CaQ DR IQQRYaWiRQ ChaOOeQge cRPSeWiWiRQ, aQd Whe PaSV Rf OaQd cRYeU
SURdXced fRU Whe SURjecW ZiOO be iQWegUaWed iQWR NaWXUeScRW¶V aQQXaO QaWXUaO caSiWaO aVVeW iQde[
(NCAI) aVVeVVPeQW. ThiV iV jXVW RQe e[aPSOe Rf hRZ VaWeOOiWe daWa caQ be WXUQed iQWR acWiRQabOe
iQfRUPaWiRQ aQd iQWegUaWed iQWR e[iVWiQg PaQagePeQW V\VWePV XVed fRU PaNiQg iPSRUWaQW,
iQfRUPed deciViRQV.

FRU Whe ScRWWiVh fiVhiQg iQdXVWU\, a fXOO\ digiWaOiVed, iQWegUaWed fiVheUieV PaQagePeQW V\VWeP
cRXOd SURYide iQfRUPaWiRQ UeOeYaQW WR aOO iQdXVWU\ VWaNehROdeUV, ZiWh iQfRUPaWiRQ aQd daWa VhaUed
Yia VhiS-WR-VhRUe aQd VhiS-WR-VaWeOOiWe cRPPXQicaWiRQ OiQNV. ThiV cRXOd iQcOXde QeaU UeaO-WiPe
XSdaWiQg Rf VaWeOOiWe-deUiYed PaSV Rf Vea VXUface WePSeUaWXUe aQd Sh\WRSOaQNWRQ cRQceQWUaWiRQ
WR heOS fiVheUV iQcUeaVe efficieQc\, dRZQORaded ZiWh a VPaUWShRQe aSS RU RQ a OaSWRS. FiVheUV
ZRXOd be abOe WR VhaUe iQfRUPaWiRQ RQ fOeeW SRViWiRQ aQd caWch eOecWURQicaOO\, UedXciQg Whe
bXUdeQ Rf SaSeUZRUN aQd iPSURYiQg SURdXcW WUaceabiOiW\ WR iQcUeaVe bX\eU cRQfideQce. A YiUWXaO
fiVh PaUNeW cRXOd aOORZ caWcheV WR be VROd befRUe OaQdiQg, ZRUNiQg WRZaUdV a PRUe baOaQced
VXSSO\ aQd dePaQd. SeWWiQg XS aQ iQWegUaWed eOecWURQic V\VWeP ZiOO UeTXiUe aQ iPPeQVe aPRXQW
Rf effRUW aQd cRRSeUaWiRQ fURP aOO SaUWieV aORQg Whe VeafRRd VXSSO\ chaiQ, aQd Whe diffeUeQW
caSabiOiWieV iQ WeUPV Rf eTXiSPeQW aQd geaU acURVV aOO W\SeV Rf fiVheUieV ZiOO Qeed WR be
cRQVideUed; hRZeYeU, RQce RSeUaWiRQaO Whe V\VWeP Rf WhiV NiQd ZRXOd VigQificaQWO\ eQhaQce
fiVheUieV PaQagePeQW.
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Outcomes of the report
ThiV UeSRUW UeYieZV VaWeOOiWe WechQRORg\ RSSRUWXQiWieV fRU Whe ScRWWiVh fiVhiQg iQdXVWU\, accRXQWiQg
fRU Whe QeedV Rf a UaQge Rf iQdXVWU\ VWaNehROdeUV (e.g., fiVheUV, SROic\ PaNeUV, UegXOaWRUV, aQd
PaUNeWV/bX\eUV). SaWeOOiWe WechQRORg\ caQ be XVed WR SURYide iQfRUPaWiRQ abRXW Whe PaUiQe
eQYiURQPeQW, fRU e[aPSOe Vea VXUface WePSeUaWXUe aQd Sh\WRSOaQNWRQ cRQceQWUaWiRQ, bRWh Ne\
SaUaPeWeUV fRU deWeUPiQiQg fiVheUieV habiWaW. SaWeOOiWeV caQ aOVR be XVed WR SURYide iQfRUPaWiRQ
abRXW YeVVeO ORcaWiRQV (iQcOXdiQg Whe PRQiWRUiQg Rf IUU fiVhiQg), Zhich ZheQ cRPbiQed ZiWh
WUadiWiRQaO YeVVeO WUacNiQg PeWhRdV XViQg AIS aQd VMS VigQaO daWa, caQ SURYide a SRZeUfXO,
cRPSUeheQViYe V\VWeP fRU PRQiWRUiQg fiVhiQg acWiYiW\ aW Vea. CRPPXQicaWiRQV VaWeOOiWeV SOa\ aQ
iPSRUWaQW UROe iQ digiWaOiViQg fiVheUieV PaQagePeQW, ZiWh VhiS-WR-VaWeOOiWe eOecWURQic WUaQVfeU Rf
iQfRUPaWiRQ RQ YeVVeO SRViWiRQ aQd caWch WR iPSURYe WUaceabiOiW\ jXVW RQe cRPSRQeQW Rf a fXOO\
digiWaOiVed PaQagePeQW V\VWeP. OWheU SRWeQWiaO cRPSRQeQWV iQcOXde QeaU-UeaO WiPe iQfRUPaWiRQ
RQ PaUiQe eQYiURQPeQWaO SaUaPeWeUV aQd ZeaWheU WUaQVfeUUed WR fiVheUV Yia VPaUWShRQe aSS (RU
ZebViWe) aQd VeOOiQg caWch iQ a YiUWXaO PaUNeW befRUe OaQdiQg.

The XVeV Rf VaWeOOiWe WechQRORg\ WR addUeVV chaOOeQgeV ZiWhiQ Whe ScRWWiVh fiVhiQg iQdXVWU\, aV
ideQWified WhURXgh VWaNehROdeU iQWeUacWiRQV, aUe UeYieZed iQ deWaiO ZiWhiQ Whe UeSRUW. TabOe 1
beORZ VXPPaUiVeV WheVe chaOOeQgeV, aORQgVide Whe adYaQWageV aQd aYaiOabiOiW\ Rf XViQg VaWeOOiWe
WechQRORg\ QRZ aQd iQ Whe fXWXUe, aQd ZhR caQ heOS adYaQce aQd deYeORS WheVe WechQRORgieV
ZiWhiQ Whe ScRWWiVh fiVheUieV VecWRU. FXUWheU deWaiOV RQ each VaWeOOiWe WechQRORg\ aQd bacNgURXQd
iQfRUPaWiRQ RQ WechQiTXeV aQd daWaVeWV aUe SURYided WhURXghRXW Whe UeSRUW. MRUe deWaiOV RQ Qe[W
VWeSV aQd ZhR caQ heOS iPSOePeQW VaWeOOiWe WechQRORg\ ZiWhiQ Whe iQdXVWU\ aUe SURYided iQ
SecWiRQ 8.

IQ addiWiRQ, WZR VSecific XVe-caVeV fRU VaWeOOiWe WechQRORg\ ZeUe ideQWified WhURXgh fXUWheU
diVcXVViRQ ZiWh a FiVheUieV e[SeUW: (1) QeaU-UeaO WiPe NQRZOedge aQd PaSSiQg Rf YeVVeO
ORcaWiRQV (SaUWicXOaUO\ iQVhRUe YeVVeOV OeVV WhaQ 12 P ORQg) aQd (2) aQ iPSURYed geQeUaO
XQdeUVWaQdiQg Rf fiVhiQg effRUW diVWUibXWiRQ iQ ScRWWiVh ZaWeUV. TheUe iV SROic\ VXSSRUW fRU bRWh
W\SeV Rf fiVheUieV diVWUibXWiRQ PaSV; fRU e[aPSOe, OXWcRPe 5 Rf MaUiQe ScRWOaQd¶V 2015 Scottish
Inshore Fisheries Strategy deWaiOV Whe Qeed fRU baVeOiQe daWa ³to understand the fishing footprint
and the interactions between sustainable fishing.´ The ScRWWiVh GRYeUQPeQW¶V Scotland’s
Fisheries Management Strategy 2020-2030 aOVR ideQWifieV Whe Qeed fRU iQcUeaVed VSaWiaO
XQdeUVWaQdiQg Rf fiVheUieV diVWUibXWiRQ WR VXSSRUW ³technical, spatial and operational decisions
related to how and where people can fish,” iQcOXdiQg deciViRQV aURXQd fiVh VWRcNV aQd
VXVWaiQabOe OeYeOV Rf fiVhiQg.

AV ZeOO aV SURYidiQg PaUiQe SOaQQiQg aQd deciViRQ PaNiQg VXSSRUW, Whe cUeaWiRQ Rf fiVheUieV
diVWUibXWiRQ PaSV caQ heOS WR UeVROYe geaU cRQfOicWV, aV eYideQce caQ be SURYided WhaW aUeaV iQ
cRQfOicW haYe WUadiWiRQaOO\ beeQ XVed fRU VSecific W\SeV Rf fiVhiQg acWiYiW\. DiVWUibXWiRQ PaSV caQ
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aOVR heOS UedXce Whe ORVV Rf fiVhiQg aUeaV WR RWheU PaUiQe VWaNehROdeUV (e.g., RffVhRUe ZiQd
faUPV), b\ SURYidiQg hiVWRUicaO eYideQce Rf fiVhiQg ZiWhiQ WheVe aUeaV.

The PRVW XS WR daWe iQfRUPaWiRQ RQ fiVhiQg iQWeQViW\/SUeVVXUe iV fURP 2017, SURYided b\ OSPAR
aQd baVed RQ cROOecWed VMS aQd ORgbRRN daWa fRU YeVVeOV RYeU 12 P ORQg, iQcOXdiQg beaP
WUaZOeUV, dUedgeUV, dePeUVaO VeiQeV aQd RWWeU WUaZOeUV. SaWeOOiWe daWa SURYideV aQ e[ciWiQg
RSSRUWXQiW\ WR XQdeUWaNe XSdaWed fiVheUieV diVWUibXWiRQ PaSSiQg WhURXgh Whe XVe Rf PachiQe
OeaUQiQg ZiWh RSWicaO aQd UadaU iPageU\ cRPbiQed ZiWh aYaiOabOe VhiS-baVed ORcaWiRQ daWa, aV
diVcXVVed iQ Whe fROORZiQg VecWiRQV Rf WhiV UeSRUW. CUeaWiRQ Rf aQQXaO fiVheUieV diVWUibXWiRQ PaSV
ZRXOd be a VigQificaQW XQdeUWaNiQg QRW ZiWhRXW iWV chaOOeQgeV, fRU e[aPSOe OacN Rf aYaiOabOe
hiVWRUicaO caWch daWa aQd cORXd cRYeU iVVXeV ZiWh RSWicaO VaWeOOiWe iPageU\, aV ZeOO aV Whe
e[SeQVeV aVVRciaWed ZiWh RbWaiQiQg high UeVROXWiRQ VaWeOOiWe iPageU\. HRZeYeU, WheVe PaSV aUe
ceUWaiQO\ achieYabOe aQd ZRXOd gR a ORQg Za\ iQ VXSSRUWiQg PaUiQe SOaQQiQg iQ ScRWOaQd,
eQVXUiQg WhaW RXU VhaUed PaUiQe VSaceV aUe PaQaged effecWiYeO\ aQd VXVWaiQabO\.
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Table 1. Ke\ challenges and specific uses cases in Scottish fishing industr\ Zith opportunities for satellite technolog\

Challenge / Use Case Opportunit\ for
satellite technolog\

AdYantage of satellite
technolog\ oYer
current practices

Off-the-shelf capabilit\ of
satellite technolog\

(and Zho can help noZ)

Future aYailabilit\ of
satellite technolog\

LiYe (QeaU-UeaO WiPe)
PaSSiQg Rf iQVhRUe
YeVVeO ORcaWiRQV, ZiWh
aSSOicaWiRQV WR IUU
fiVhiQg PRQiWRUiQg

PURYidiQg iQfRUPaWiRQ RQ QeaU-UeaO
WiPe, ZideVSUead YeVVeO ORcaWiRQV fRU
aVViVWiQg iQ PRQiWRUiQg Rf IUU fiVhiQg
aQd PaUiQe SOaQQiQg

RadiR-fUeTXeQc\ VaWeOOiWeV aQd
RWheU QaQRVaWeOOiWeV caQ ORcaWe
iQVhRUe YeVVeOV, eYeQ ZiWh AIS
VZiWched Rff; caQ cRPbiQe
UadiR-fUeTXeQc\ aQd RWheU
VaWeOOiWe daWa ZiWh AIS daWa aQd
AI WR OeaUQ, ideQWif\ aQd SUedicW
YeVVeO behaYiRXU

Spire Global UK
MaUiWiPe DaWa
DU. HiQa KhaQ
(hiQa.NhaQ@VSiUe.cRP)

HaZkE\e 360
MiVViRQ SSace POaWfRUP
CUaig EUiNVRQ
(cUaig.eUiNVRQ@he360.cRP)

OSSRUWXQiW\ WR OaXQch
cRQVWeOOaWiRQ Rf
QaQRVaWeOOiWeV fRU VSecific
ScRWWiVh fiVhiQg iQdXVWU\
XVeV; EaUWh-i fXOO cRORXU high
UeVROXWiRQ YideR fURP VSace

IPSURYed geQeUaO
XQdeUVWaQdiQg Rf VSaWiaO
diVWUibXWiRQ Rf fiVheUieV
iQ ScRWWiVh ZaWeUV

PURYidiQg aQQXaO PaS Rf fiVheUieV
diVWUibXWiRQ fRU aVViVWiQg iQ PaUiQe
SOaQQiQg, geaU cRQfOicW UeVROXWiRQ aQd
UedXcWiRQ Rf ORVV Rf fiVhiQg aUeaV

AQaO\ViV aW VcaOe; iQcOXViRQ Rf
VPaOOeU YeVVeOV ZiWh QR VMS;
XVe Rf AI WR OeaUQ aQd ideQWif\
YeVVeO behaYiRXU

LiPiWed Rff-Whe-VheOf
caSabiOiW\ (SaUWO\ dXe WR OacN
Rf aYaiOabOe WUaiQiQg daWa)

Space Intelligence aV
IQQRYaWiRQ PaUWQeU fRU RQD
ZRUN iQWR cUeaWiRQ Rf aQQXaO
fiVheUieV diVWUibXWiRQ PaSV

IQcUeaViQg fiVhiQg
efficieQc\ aQd UedXciQg
b\caWch

PURYidiQg iQfRUPaWiRQ fRU ORcaWiRQV Rf
RSWiPaO fiVhiQg gURXQd aQd hRWVSRWV
fRU SURWecWed aQd chRNe VSecieV (fRU
aYRidaQce)

NeaU-UeaO WiPe gORbaO cRYeUage
Rf eQYiURQPeQWaO SaUaPeWeUV
(e.g., Vea VXUface WePSeUaWXUe,
Sh\WRSOaQNWRQ, VaOiQiW\)

E[iVWiQg cRPPeUciaO aSSV
(e.g. CATSAT)

DTU ATXa habiWaW fRUecaVWV

AbiOiW\ WR cRPbiQe VaWeOOiWe,
ZeaWheU, hiVWRUicaO caWch
aQd RWheU daWa ZiWh AI WR
SUedicW fiVheUieV habiWaWV

TUacNiQg PaUiQe debUiV
aQd YeVVeO ePiVViRQV

PURYidiQg PeaVXUePeQWV Rf aiU
SROOXWaQWV aQd ideQWif\iQg PaUiQe
debUiV aQd diffeUeQW W\SeV Rf SOaVWic
fURP VSace

AQaO\ViV aW VcaOe; ePiVViRQV
fURP aOO YeVVeO W\SeV (QRW jXVW
WhRVe ZiWh RQ-bRaUd VeQVRUV)

LiPiWed Rff-Whe-VheOf
caSabiOiW\ (WechQRORg\ VWiOO
iQ deYeORSPeQW)

UScRPiQg OaXQcheV Rf
QaQRVaWeOOiWeV fRU PeaVXUiQg
gORbaO PeWhaQe aQd CO2;
h\SeUVSecWUaO VaWeOOiWeV
Zhich caQ beWWeU UeVROYe
PaUiQe debUiV/SOaVWicV

LRQg-WeUP bOXe-VN\
UeVeaUch iQWR iQQRYaWiRQ

HaUQeVV Whe VNiOOV Rf acadePic
UeVeaUcheUV aQd cUeaWe QeZ
iQQRYaWiYe SURdXcWV/VeUYiceV WR
VXSSRUW fiVheUieV RYeU Whe cRPiQg
WhUee \eaUV

CRQWiQXe aQ iWeUaWiYe SURceVV
Rf WechQRORg\ deYeORSPeQW
aQd adRSWiRQ iQ Whe fiVheUieV
VecWRU

NRW aSSOicabOe. Space Intelligence
aORQgVide UQiYeUViW\ Rf
EdiQbXUgh & Ba\eV CeQWUe
aV aQ IQQRYaWiRQ HXb fRU
SSace aQd SaWeOOiWeV
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1. Introduction
TheUe aUe QXPeURXV VWaNehROdeUV iQ Whe ScRWWiVh fiVhiQg VecWRU, fURP fiVheUV WhURXgh WR bX\eUV,
SROic\-PaNeUV aQd UegXOaWRUV (Vee FigXUe 1). ThiV UeSRUW VeWV RXW hRZ VaWeOOiWe WechQRORg\ caQ
VXSSRUW Whe diYeUVe UaQge Rf VWaNehROdeUV ZiWh Whe chaOOeQgeV WhaW Whe\ face, aQd add YaOXe WR
WheiU ZRUN. TechQRORgieV aQd W\SeV Rf iQfRUPaWiRQ Zhich aUe XVefXO fRU a UaQge Rf WheVe
VWaNehROdeUV aUe ideQWified WhURXghRXW WhiV UeSRUW, aQd aUe VXPPaUiVed aW Whe eQd Rf Whe
dRcXPeQW. HRZeYeU, ZiWh VXch diYeUViW\ iQ Whe VecWRU, eYeQ aPRQgVW a ViQgOe VWaNehROdeU gURXS,
WheUe Pa\ be a UaQge Rf diffeUeQW WechQRORgieV WhaW cRXOd be XVefXO. FRU iQVWaQce, aPRQgVW
fiVheUV, OaUge SeOagic WUaZOeUV aUe PRUe abOe WR deaO ZiWh VWRUP\ cRQdiWiRQV aW Vea WhaQ VPaOOeU
cRaVWaO YeVVeOV ZRUNiQg iQ-VhRUe fiVheUieV. ThiV PeaQV WhaW Whe OaUge SeOagic WUaZOeUV UeTXiUe
OeVV iQfRUPaWiRQ RQ Vea cRQdiWiRQV WhaQ VPaOOeU iQ-VhRUe fiVhiQg YeVVeOV, fRU ZhRP VeYeUe
ZeaWheU cRQdiWiRQV haYe a OaUgeU iPSacW RQ daiO\ RSeUaWiRQV.

Figure 1. Ke\ stakeholders in Scottish fishing industr\ and associated requirements

WhiOVW Ze ZeUe cRPPiVViRQed WR PaNe RbVeUYaWiRQV aQd UecRPPeQdaWiRQV fRU Whe ScRWWiVh
fiVhiQg iQdXVWU\, RQe Rf RXU PaiQ RbVeUYaWiRQV iV WhaW iQ facW WheUe aUe PaQ\ VaWeOOiWe aQd RWheU
digiWaO WechQRORgieV aQd WRROV Zhich aUe aOUead\ beiQg XVed b\ YaUiRXV VWaNehROdeUV. FRU
e[aPSOe, fiVheUV RfWeQ XVe ZeaWheU fRUecaVWV aQd MaUiQeTUaffic daWa WR SOaQ Whe WiPiQg Rf fiVhiQg
WUiSV, SaUWicXOaUO\ iPSRUWaQW ZheQ bUiQgiQg fUeVh caWch bacN WR OaQd. ThiV SRViWiYe PeVVage
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highOighWV hRZ Whe VecWRU iV aOUead\ ePSOR\iQg VaWeOOiWe daWa iQ daiO\ acWiYiW\, eYeQ WhRXgh iW PighW
QRW e[SOiciWO\ be deVcUibed RU WhRXghW Rf aV beiQg VaWeOOiWe-baVed, RU VaWeOOiWe eQabOed WechQRORg\.

OWheU Ne\ VaWeOOiWe WechQRORgieV Zhich aUe cXUUeQWO\ beiQg XVed WR VXSSRUW UegXOaWRUV aQd SROic\
PaNeUV fRU fiVheUieV gORbaOO\ iQcOXde Whe XVe Rf aXWRPaWic iQfRUPaWiRQ V\VWeP (AIS) aQd YeVVeO
PRQiWRUiQg V\VWeP (VMS) ORcaWiRQ daWa, aORQgVide VhiS aQd aiUSOaQe-baVed RbVeUYaWiRQV. TheVe
daWa heOS WR PRQiWRU iOOegaO, XQUeSRUWed aQd XQUegXOaWed (IUU) fiVhiQg acWiYiW\ aQd WR eQfRUce
fiVhiQg UegXOaWiRQV aQd UeVWUicWiRQV aURXQd SURWecWed aUeaV.

IQ VRPe caVeV WheUe aSSeaU WR be gaSV beWZeeQ aYaiOabOe WechQRORg\ e[SOiciWO\ deVigQed fRU
fiVheUV, aQd iWV XSWaNe. FRU iQVWaQce, baVed RQ Whe VWaNehROdeU eQgagePeQW XQdeUWaNeQ dXUiQg
WhiV SURjecW, Whe PRVW cRPPRQ PeWhRd Rf fiQdiQg RSWiPaO fiVhiQg VSRWV iQ ScRWWiVh ZaWeUV iV
ZRUd-Rf-PRXWh (VSUead b\ PeVVagiQg aSSV VXch aV WhaWVASS) aQd ORcaO NQRZOedge. HRZeYeU,
WheUe aUe aOVR cRPPeUciaO aSSV aYaiOabOe fRU ORcaWiQg SUefeUUed fiVh habiWaWV aQd aUeaV WR aYRid
iQ RUdeU WR UedXce b\caWch (e.g., Whe BATPaS SiORW aSSOicaWiRQ, CATSAT), Zhich cRXOd be PRUe
ZideO\ XVed, aQd eQhaQced fRU Whe ScRWWiVh cRQWe[W.

The fROORZiQg VecWiRQV Rf WhiV UeSRUW UeYieZ VaWeOOiWeV aQd RWheU aiU-bRUQe WechQRORgieV aQd hRZ
Whe\ cRXOd be XVed ZiWhiQ Whe ScRWWiVh fiVhiQg iQdXVWU\, eiWheU aV iQdeSeQdeQW iQfRUPaWiRQ RU iQ
cRPbiQaWiRQ ZiWh e[iVWiQg V\VWePV (e.g., AIS, VMS). The UeSRUW aOVR UeYieZV aUWificiaO iQWeOOigeQce
(AI) aQd PachiQe OeaUQiQg WechQiTXeV WhaW aUe cXUUeQWO\ beiQg XVed ZiWhiQ Whe gORbaO fiVhiQg
iQdXVWU\, fRU e[aPSOe Whe XVe Rf AI WR aQaO\Ve AIS ORcaWiRQ daWa fURP biOOiRQV Rf YeVVeOV
ZRUOdZide, RU WR TXicNO\ aQaO\Ve RQ-VhiS YideR caPeUa fRRWage Rf caWcheV. IQWegUaWed V\VWePV
fRU fiVheUieV PaQagePeQW aQd PRQiWRUiQg aUe diVcXVVed, iQcOXdiQg Whe UROe VaWeOOiWe WechQRORgieV
cRXOd SOa\ iQ WheVe iQcUeaViQgO\ digiWaOiVed V\VWePV. COiPaWe chaQge, aQd hRZ VaWeOOiWe daWa caQ
be XVed aORQgVide e[SeUW NQRZOedge WR SUedicW fXWXUe fiVheUieV PRYePeQW, iV diVcXVVed bUiefO\.
The UeSRUW eQdV b\ highOighWiQg Whe diffeUeQW SRVVibOe XVeV aQd XVeUV Rf VaWeOOiWe WechQRORgieV
ZiWhiQ Whe ScRWWiVh fiVhiQg iQdXVWU\, SURYidiQg SRWeQWiaO Qe[W VWeSV aQd cRQWacWV.
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2. Remote sensing: Satellites and airborne sensor technologies
RePRWe VeQViQg eQcRPSaVVeV a UaQge Rf WechQRORgieV WhaW cROOecW eQYiURQPeQWaO daWa aW a
diVWaQce. HeUe Ze fRcXV XSRQ VaWeOOiWeV aQd aiUbRUQe WechQRORgieV XVefXO WR Whe fiVheUieV VecWRU.
AiU-bRUQe VeQVRUV XVefXO fRU fiVheUieV PRQiWRUiQg aQd PaQagePeQW iQcOXde daWa cROOecWed fURP
XQPaQQed aeUiaO YehicOeV (UAVV), VPaOO aiUcUafW aQd high aOWiWXde SVeXdR-VaWeOOiWeV (HAPS).
CUXciaOO\, WheVe WechQRORgieV caQ RbWaiQ fiVheUieV-UeOeYaQW daWa at scale. BURadO\, WheVe daWa caQ
UeOaWe WR eQYiURQPeQWaO cRQdiWiRQV; RU WR Whe WUacNiQg Rf fiVhiQg YeVVeOV iQ ScRWWiVh ZaWeUV. ThiV
UeYieZ cRQVideUV bRWh Whe XVe Rf VaWeOOiWe daWa fRU eQYiURQPeQWaO PaQagePeQW, aQd fRU UecRUdiQg
Whe acWiYiW\ Rf fiVhiQg YeVVeOV.

2.1. OYeUYieZ Rf SaWeOOiWe SeQVRUV fRU eQYiURQPeQWaO PRQiWRUiQg
TheUe aUe QXPeURXV eQYiURQPeQWaO SaUaPeWeUV UeOeYaQW fRU fiVheUieV PaQagePeQW WhaW caQ be
PeaVXUed fURP VSace XViQg a UaQge Rf VaWeOOiWe aQd RWheU aiU-bRUQe VeQVRUV, iQcOXdiQg Vea
VXUface WePSeUaWXUe aQd VaOiQiW\; Sh\WRSOaQNWRQ aQd chORURSh\OO OeYeOV; baWh\PeWU\; Vea OeYeO
chaQge; aiU SROOXWiRQ aQd PaUiQe debUiV fURP fiVhiQg YeVVeOV, aQd ZiQd aQd VXUface URXghQeVV.

TheUe aUe WZR PaiQ W\SeV Rf VaWeOOiWe VeQVRUV WhaW aUe W\SicaOO\ XVed WR cROOecW eQYiURQPeQWaO
daWa: RSWicaO aQd UadaU VeQVRUV. OSWicaO VeQVRUV XVe cRPSOe[ caPeUaV RQbRaUd VaWeOOiWeV, XViQg
RQO\ Whe ³SaVViYe´ UefOecWiRQ Rf VXQOighW Rff Whe EaUWh¶V VXUface WR caSWXUe iQfRUPaWiRQ (FigXUe 2a).
TheVe caPeUa VeQVRUV caQ YieZ OighW iQ PXOWiSOe ZaYeOeQgWhV, iQcOXdiQg bRWh Whe YiVXaO
ZaYeOeQgWhV Ze Vee aV ZeOO aV ZaYeOeQgWhV be\RQd hXPaQ YiViRQ, fRU e[aPSOe iQfUaUed RU
WheUPaO UadiaWiRQ. TheVe RSWicaO VeQVRUV aUe WhXV caOOed µPXOWiVSecWUaO¶ VeQVRUV. MXOWiVSecWUaO
VeQVRUV VXch aV WhRVe RQbRaUd Whe LaQdVaW-8 VaWeOOiWe caSWXUe iQfRUPaWiRQ XViQg beWZeeQ 3 aQd
10 diffeUeQW ZaYeOeQgWh baQdV (e.g., Ued, gUeeQ, bOXe, QeaU-iQfUaUed). Be\RQd WhiV, h\SeUVSecWUaO
VeQVRUV (e.g., EQMaS aQd Whe fRUWhcRPiQg H\VSIRI) XVe hXQdUedV Rf YeU\ QaUURZ,
QeaU-RYeUOaSSiQg baQdV. The beQefiWV Rf WhiV iV iQcUeaViQgO\ deWaiOed iQfRUPaWiRQ abRXW Whe
EaUWh¶V VXUface. HRZeYeU, h\SeUVSecWUaO daWa iVQ¶W aV UeadiO\ aYaiOabOe aV PXOWiVSecWUaO daWa, aQd
iW iV W\SicaOO\ ORZeU TXaOiW\ aQd UeVROXWiRQ, aV ZeOO aV PRUe cRPSOe[ WR SURceVV aQd iQWeUSUeW. We
e[SecW Whe aYaiOabiOiW\ Rf h\SeUVSecWUaO daWa WR iPSURYe iQ Whe Qe[W WhUee WR fiYe \eaUV, ZiWh a
QXPbeU Rf SUiYaWe cRPSaQieV deYeORSiQg QeZ cRQVWeOOaWiRQV Rf VaWeOOiWeV ZiWh h\SeUVSecWUaO
VeQVRUV.

RadaU (UadiR deWecWiRQ aQd UaQgiQg) iV aQ ³acWiYe´ W\Se Rf UePRWe VeQViQg. AcWiYe VeQVRUV ePiW a
VigQaO fURP Whe VaWeOOiWe iWVeOf, Zhich iV WheQ VcaWWeUed bacN fURP EaUWh¶V VXUface aQd Whe UeWXUQ,
effecWiYeO\ aQ echR, caSWXUed b\ Whe VeQVRU. RadaU VeQVRUV aUe a W\Se Rf acWiYe VeQVRU WhaW
ePiWV PicURZaYe UadiaWiRQ aQd UeceiYe bacN Whe faiQW echReV Rf WhiV VigQaO, caOOed bacNVcaWWeU
(Vee FigXUe 2b). IQfRUPaWiRQ RQ URXghQeVV Rf Whe Vea VXUface caQ be iQfeUUed fURP Whe
bacNVcaWWeU VigQaO. OQe Rf Whe PaiQ beQefiWV Rf XViQg UadaU daWa iV Whe abiOiW\ WR ³Vee WhURXgh´
cORXdV (aV Whe PicURZaYe VigQaO caQ SeQeWUaWe Whe cORXd cRYeU) aQd dXUiQg Whe QighW. ThiV iV

Space Intelligence Ltd. PriYate limited compan\, registered in Scotland, UK, Compan\ number
SC595836. Registered address: 113 St. John's Road, Edinburgh, EH12 7SB, UK.

11



eVSeciaOO\ UeOeYaQW RYeU Whe RceaQ, ZheUe cORXdV caQ SUeYeQW RSWicaO VaWeOOiWeV fURP RbWaiQiQg a
XVefXO iPage SeUhaSV 95% Rf Whe WiPeV Whe\ SaVV RYeUhead.

Figure 2. Schematic of optical and radar satellite data acquisition. Optical is described as
µpassiYe¶ since it simpl\ relies on the use of sunlight reflected from the Earth¶s surface. Radar
(SAR), on the other hand, is µactiYe¶ since it inYolYes transmitting pulses of microZaYe energ\
directed at the Earth¶s surface, and recording the reflected signal back at the satellite receiYer.
LiDAR (Light detection and ranging) is another form of actiYe sensing, that relies upon pulses of
laser light, rather than microZaYe energ\.

S\QWheWic aSeUWXUe UadaU (RU SAR) iV a fRUP Rf UadaU daWa WhaW ePiWV VXcceVViYe UadiR SXOVeV aQd
iQ WXUQ UeceiYeV PXOWiSOe bacNVcaWWeU VigQaOV fURP each SRiQW RQ EaUWh¶V VXUface, aOORZiQg fRU a
higheU VSaWiaO UeVROXWiRQ WhaQ PRUe WUadiWiRQaO UadaU V\VWePV. SAR daWa caQ be XVed iQ PaQ\
aSSOicaWiRQV, iQcOXdiQg PeaVXUiQg Vea VXUface URXghQeVV aQd ZaYe chaUacWeUiVWicV.

Spatial resolution SaWeOOiWe iPageU\ (bRWh RSWicaO aQd UadaU) aUe aYaiOabOe aW YaUiRXV VSaWiaO
UeVROXWiRQV, fURP YeU\ high UeVROXWiRQ cRPPeUciaO VaWeOOiWeV RffeUiQg 30 cP Si[eOV (e.g.,
WRUOdVieZ-3) WR WeQV Rf NiORPeWUeV fURP VaWeOOiWeV ZiWh OaUgeU gORbaO iPagiQg fRRWSUiQWV. FRU
PaSSiQg OaUge VcaOe eQYiURQPeQWaO YaUiabOeV OiNe Vea VXUface WePSeUaWXUe, ORZeU VSaWiaO
UeVROXWiRQV (OaUgeU Si[eO Vi]eV) ZRXOd SURYide Whe aPRXQW Rf deWaiO UeTXiUed. HRZeYeU, fRU
PRQiWRUiQg VPaOO fiVhiQg YeVVeO acWiYiW\ (e.g., QXPbeU Rf fiVhiQg OiQeV, VafeW\ SURWRcRO), a PXch
higheU VSaWiaO UeVROXWiRQ (VPaOOeU Si[eO Vi]e) ZRXOd be UeTXiUed. CRaUVeU UeVROXWiRQ VaWeOOiWeV caQ
PRQiWRU PRUe fUeTXeQWO\, bXW Whe OaUge Si[eO Vi]e PaNeV WheP OeVV XVefXO fRU VPaOO VcaOe
PRQiWRUiQg.

The poZer of satellites for understanding enYironmental processes and human actiYit\
The PaiQ beQefiW Rf XViQg VaWeOOiWe daWa iV Whe RSSRUWXQiW\ fRU UegXOaU, UeSeaWed RbVeUYaWiRQV aW a
gORbaO VcaOe, RU VSecific WR a UegiRQ Rf iQWeUeVW aW a fiQeU VcaOe. HRZeYeU, VRPe OiPiWaWiRQV iQcOXde
Whe QeceVViW\ fRU VRPe degUee Rf gURXQd-WUXWhiQg Rf Whe daWa, UeTXiUed e[SeUW iQWeUSUeWaWiRQ RU
SURceVViQg Rf Whe daWa, Whe RfWeQ YeU\ OaUge fiOe Vi]e Rf Whe daWa (Zhich UeOaWeV WR cRPSXWiQg
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cRVWV aQd Pa\ be aQ iVVXe fRU VPaOOeU RUgaQiVaWiRQV XQdeUWaNiQg aQaO\ViV ZiWh Whe fUeeO\
aYaiOabOe daWa diVcXVVed beORZ) aQd Whe WUade-Rff beWZeeQ VSaWiaO UeVROXWiRQ aQd iPageU\ cRVW.

CORXd cRYeU iV aOVR aQ iVVXe fRU RbWaiQiQg XVefXO RSWicaO iPageU\, SaUWicXOaUO\ RYeU ScRWOaQd
ZheUe cORXdV SUeYeQW RSWicaO VaWeOOiWeV fURP RbWaiQiQg a XVefXO iPage SeUhaSV 90% Rf Whe WiPe
Whe\ SaVV RYeUhead. ASSOicaWiRQV WhaW UeTXiUe iQfUeTXeQW PRQiWRUiQg (e.g., RQ aQ aQQXaO baViV)
caQ XVe cORXd-fUee cRPSRViWeV Rf RSWicaO daWa, Zhich PeUge cORXd-fUee iPageV cROOecWed RYeU
Whe cRXUVe Rf a \eaU. WhiOe iW iV SRVVibOe WR VSaWiaOO\ iQWeUSROaWe acURVV cORXd-cRYeUed aUeaV Rf
RSWicaO iPageU\ WR fiOO daWa gaSV fRU PRUe fUeTXeQW PRQiWRUiQg (Vee diVcXVViRQ Rf Vea VXUface
WePSeUaWXUe iQ SecWiRQ 2.3 beORZ), aQ\ VeUYice RU aSSOicaWiRQ UeTXiUiQg PRUe fUeTXeQW PRQiWRUiQg
fURP VaWeOOiWe daWa RYeU ScRWOaQd VhRXOd UeO\ RQ UadaU UaWheU WhaQ RSWicaO daWa, Zhich caQ
SeQeWUaWe WhURXgh cORXd cRYeU.

A fXUWheU diVadYaQWage WR VaWeOOiWe daWa iV WhaW XVeUV haYe YeU\ OiWWOe cRQWURO RYeU Zhich VaWeOOiWeV
aUe iQ RUbiW aW aQ\ RQe WiPe. UViQg aiUcUafW RU UAV VeQVRUV, iW iV SRVVibOe WR cRQWURO ZhaW daWa iV
cROOecWed if bXdgeW iV aYaiOabOe. FRU VaWeOOiWeV, Whe XVeU PRVWO\ UeOieV RQ ZhaW haV aOUead\ beeQ
OaXQched aQd iV VWiOO RSeUaWiRQaO. SRPe VaWeOOiWeV aUe SaUW Rf RSeUaWiRQaO cRQVWeOOaWiRQV, ZiWh
ORQg-WeUP SOaQV WR UeSOace VaWeOOiWeV aQd a gRRd gXaUaQWee Rf daWa aYaiOabiOiW\ iQWR Whe 2030V
(e.g., SeQWiQeO-1 aQd 2 fURP Whe EU-fXQded CRSeUQicXV SURgUaPPe); bXW RWheUV aUe RfWeQ
aOUead\ RSeUaWiQg be\RQd WheiU deVigQ OifeWiPe, aQd cRXOd faiO aW aQ\ PRPeQW (e.g., WRUOdYieZ-3,
WiQdSaW).

HRZeYeU, Whe OaXQch Rf cOXVWeUV Rf VPaOO VaWeOOiWeV fRU eQYiURQPeQWaO PRQiWRUiQg aQd
cRPPXQicaWiRQV aUe iQcUeaViQg iQ SRSXOaUiW\. TheVe VaWeOOiWe cOXVWeUV aUe VigQificaQWO\ PRUe
affRUdabOe WhaQ OaXQchiQg a fXOO-Vi]ed VaWeOOiWe PiVViRQ, aV Whe\ aUe PXch VPaOOeU (UaQgiQg iQ
ZeighW fURP 1 WR 100 Ng) aQd OeVV cRPSOe[, RfWeQ fRcXViQg RQ RQe RbVeUYaWiRQ RU PeaVXUePeQW
W\Se1. B\ XViQg cOXVWeUV Rf VPaOO VaWeOOiWeV, UeYiViW WiPe caQ gUeaWO\ be UedXced ZiWhRXW a
cRUUeVSRQdiQg UedXcWiRQ iQ VSaWiaO UeVROXWiRQ. SiQce 2013, RYeU 1,500 QaQRVaWeOOiWeV haYe beeQ
OaXQched VXcceVVfXOO\ b\ RUgaQiVaWiRQV UaQgiQg fURP VSace, PiOiWaU\ aQd gRYeUQPeQW ageQcieV,
WR XQiYeUViWieV aQd cRPPeUciaO RUgaQiVaWiRQV2. ThiV UaiVeV Whe SRVVibiOiW\ Rf Whe fiVheUieV VecWRU
deYeORSiQg dedicaWed PiVViRQV WhaW addUeVV VSecific TXeVWiRQV fRU Whe ScRWWiVh cRQWe[W.

2.2. UAVV, AiUcUafW aQd HAPS
UQPaQQed aeUiaO YehicOeV (UAVV), VPaOO aiUcUafW aQd high aOWiWXde SVeXdR VaWeOOiWeV (HAPS) aOVR
SURYide SRWeQWiaO RSSRUWXQiW\ fRU PRQiWRUiQg, cRQWURO aQd VXUYeiOOaQce Rf fiVheUieV. FRU e[aPSOe,
UAVV caQ be deSOR\ed fURP SaWURO VhiSV WR ideQWif\ fiVhiQg YeVVeOV aQd RbVeUYe if Whe\ aUe XViQg
Whe aSSURSUiaWe fiVhiQg geaU fRU WhaW VSecific aUea aQd W\Se Rf caWch. EQYiURQPeQWaO SheQRPeQa
aQd SaUaPeWeUV caQ aOVR be RbVeUYed fURP UAVV, aiUcUafW aQd HAPS XViQg a YaUieW\ Rf VeQVRUV:
WheVe iQcOXde aOgaO bORRPV aQd SROOXWiRQ eYeQWV WhaW cRXOd iPSacW fiVh PRUWaOiW\, RU Vea VXUface
WePSeUaWXUe aQd ZeaWheU cRQdiWiRQV3. IQ addiWiRQ, UAVV haYe beeQ XVed fRU fiVh VWRcN aQd
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habiWaW aVVeVVPeQWV4,5, SURYidiQg a PRUe cRVW-effecWiYe VeUYice WhaQ RceaQ-gRiQg YeVVeOV
XQdeUWaNiQg ViPiOaU aVVeVVPeQWV.

Classes of UAV TheUe aUe WZR PaiQ W\SeV Rf UAVV: fi[ed-ZiQg aQd URWaU\-ZiQg (Vee FigXUe
3a-b). Fi[ed-ZiQg UAVV RfWeQ aOORZ fRU heaYieU PRQiWRUiQg eTXiSPeQW aQd OaUgeU-VcaOe VXUYe\V
(e.g., 1NP2), bXW aUe PRUe difficXOW WR XVe WhaQ URWaU\-ZiQg UAVV, Zhich aOORZ YeUWicaO WaNe-Rff aQd
OaQdiQg, hRYeUiQg aQd UecRYeU\ caSabiOiW\6. TabOe 2 cRPSaUeV Whe adYaQWageV aQd
diVadYaQWageV Rf bRWh V\VWePV.

Figure 3. E[ample (a) fi[ed and (b) rotar\-Zing UAVs; (c) high altitude pseudo satellite (HAPS)

Airborne sensors DeSeQdiQg RQ Whe Vi]e aQd W\Se Rf UAV RU aiUcUafW, diffeUeQW VeQVRUV caQ be
XVed fRU cROOecWiQg iQfRUPaWiRQ abRXW Whe PaUiQe eQYiURQPeQW, fURP baVic caPeUaV fRU aeUiaO
ShRWRgUaSh\ aQd YideR acTXiViWiRQ WR PXOWiVSecWUaO, WheUPaO aQd h\SeUVSecWUaO iPagiQg VeQVRUV.
LiDAR (LighW DeWecWiRQ aQd RaQgiQg) VeQVRUV caQ aOVR be fORZQ XViQg UAVV RU aiUcUafW WR deWecW
VchRROV Rf fiVh7. A LiDAR VeQVRU ePiWV fOaVheV Rf OaVeU OighW WXQed WR a SaUWicXOaU ZaYeOeQgWh,
aQd XVeV Whe WiPe WaNeQ fRU Whe OighW WR UefOecW bacN WR iQfeU SURSeUWieV abRXW Whe VXUface beORZ
(Vee FigXUe 4); fRU e[aPSOe, ZheQ Whe UeWXUQ VigQaO cRXOd iQdicaWe Whe SUeVeQce Rf a VchRRO Rf
fiVh aV ZeOO aV iWV deSWh beORZ Whe VXUface7, aOWhRXgh LiDAR caQ W\SicaOO\ RQO\ ³Vee´ beQeaWh
Pa[iPXP ZaWeU deSWhV Rf a25 WR 30 P8, deSeQdiQg RQ Whe ZaWeU cOaUiW\. TheUe Pa\ be VRPe
difficXOW\ diVcUiPiQaWiQg beWZeeQ VchRROV Rf fiVh aQd VXUURXQdiQg Sh\WRSOaQNWRQ, ZiWh diffeUeQW
LiDAR VeWWiQgV PRVW aSSURSUiaWe XQdeU diffeUeQW cRQdiWiRQV (i.e., deSeQdiQg RQ fiVh VSecieV aQd
aggUegaWiRQ VWUXcWXUe, Whe iQWeQViW\ Rf Sh\WRSOaQNWRQ bORRPV, ZaWeU cOaUiW\ aQd WXUbidiW\, WiPe Rf
da\ aQd aUea)9.

OQe Rf Whe beQefiWV Rf XViQg UAVV iV WheiU ORZ cRVW fRU cRQWiQXed PRQiWRUiQg, afWeU iQiWiaO cRVWV fRU
SXUchaViQg Whe eTXiSPeQW aQd WUaiQiQg aUe XQdeUWaNeQ. IQ addiWiRQ, iPageU\ cROOecWed fURP UAVV
W\SicaOO\ haV PXch beWWeU VSaWiaO UeVROXWiRQ WhaQ WhaW cROOecWed fURP VaWeOOiWeV, ZiWh Whe added
beQefiW Rf XVeU-deWeUPiQed UeYiViW SeUiRdV5. OQe Rf Whe chaOOeQgeV Rf XViQg UAVV fRU PRQiWRUiQg
iV UegXOaWiRQ Zhich UeTXiUeV a YiVXaO OiQe Rf VighW Rf Whe aiUcUafW aW aOO WiPeV ZhiOe fO\iQg10, Zhich
caQ becRPe SURbOePaWic iQ ceUWaiQ eQYiURQPeQWV, RU if WheUe iV a deViUe WR cRYeU a OaUgeU aUea.
PURceVViQg OaUge aPRXQWV Rf UAV daWa caQ aOVR be WiPe cRQVXPiQg, bXW Whe aSSOicaWiRQ Rf
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aUWificiaO iQWeOOigeQce aQd PachiQe OeaUQiQg (Vee SecWiRQ 5) caQ be XVed WR VSeed XS SURceVViQg
WiPe, deSeQdiQg RQ Whe aSSOicaWiRQ Rf Whe iPageU\.

Figure 4. LiDAR sensor deplo\ed on UAV oYer school of fish

UAVs for marine surYeillance The EXURSeaQ MaUiWiPe SafeW\ AgeQc\ (EMSA) RffeUV UePRWeO\
SiORWed aiUcUafW V\VWeP (RPAS) VeUYiceV iQ VXSSRUW Rf VXUYeiOOaQce ZRUN XQdeUWaNeQ b\ MePbeU
SWaWeV cRaVW gXaUdV aQd RWheU aXWhRUiWieV. RPAS VeUYiceV iQcOXde Whe XVe Rf UAVV fRU Whe
deWecWiRQ Rf iOOegaO fiVhiQg, PaUiWiPe SROOXWiRQ aQd ePiVViRQ PRQiWRUiQg, aPRQg RWheU VXUYeiOOaQce
RSeUaWiRQV11. RPAS iV RQO\ RQe WRRO XVed ZiWhiQ Whe VXUYeiOOaQce V\VWeP, Zhich aOVR iQcOXdeV
VaWeOOiWe iPageU\, AIS aQd VMS daWa, aQd VXUYeiOOaQce b\ PaQQed SaWURO YeVVeOV aQd aiUcUafW11.

HAPS for fisheries applications High aOWiWXde SVeXdR VaWeOOiWeV (HAPS) RSeUaWe ZiWhiQ Whe
VWUaWRVSheUe, fO\iQg aW aQ aOWiWXde Rf aSSUR[iPaWeO\ 20 NP11 (Vee FigXUe 3c). WhiOe WUadiWiRQaOO\
XVed fRU defeQce SXUSRVeV, HAPS haYe VWaUWed WR be XVed fRU ciYiOiaQ SXUSRVeV, ZiWh ESA¶V
HAPS4ESA SURgUaPPeV iQ 2017 aQd 2019 aQd iQcUeaVed iQdXVWU\ iQWeUeVW fURP AiUbXV, BReiQg,
ThaOeV AOeQia SSace aQd RWheUV. HAPS haYe VeYeUaO adYaQWageV RYeU VaWeOOiWe PRQiWRUiQg
V\VWePV, iQcOXdiQg a higheU PaQReXYUabiOiW\, Whe abiOiW\ WR UeWXUQ fRU PaiQWeQaQce RU Sa\ORad
UecRQfigXUaWiRQ aQd a ORZeU RYeUaOO PiVViRQ cRVW11. The\ aOVR haYe ORQgeU PiVViRQ WiPeV ZheQ
cRPSaUed WR UAVV, fO\iQg RU hRYeUiQg fRU XS WR PRQWhV aW a WiPe. DXe WR WheiU fO\iQg aOWiWXde,
HAPS aUe aOVR abOe WR cROOecW iPageU\ aW PXch higheU UeVROXWiRQV (10 cP RU OeVV) WhaQ
geRVWaWiRQaU\ VaWeOOiWeV. DaWa cROOecWed fURP HAPS cRXOd be XVed WR PRQiWRU PaUiQe UeVRXUceV,
SaUWicXOaUO\ VXUYeiOOaQce Rf iOOegaO fiVhiQg, SROOXWiRQ aQd SiUac\ iQ high UeVROXWiRQ RYeU OaUgeU
VWUeWcheV Rf Whe RceaQ WhaQ ZRXOd be SRVVibOe XViQg UAVV.
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Table 2. AdYantages and disadYantages of different UAV t\pes (Modified from Ref 6).

AdYantages DisadYantages Flight Time & CoYerage

Fi[ed-Zing UAVs

Ɣ CaQ cRYeU OaUge aUeaV
Ɣ HigheU VSeed/UedXced fOighW

WiPe, aV PXch ORZeU baWWeU\
XVe SeU XQiW aUea cRYeUed

Ɣ E[SeUieQced SiORW aQd VXiWabOe RSeQ aUea
Qeeded fRU WaNe-Rff/OaQdiQg

Ɣ IQ UK cRQWe[W, haUd WR RbWaiQ SeUPiVViRQ WR
fO\ Be\RQd ViVXaO LiQe Rf SiWe (BVLOS),
PiQiPiViQg PaQ\ adYaQWageV Rf fi[ed ZiQgV

Ɣ HaUdeU WR fO\ cORVe WR Whe gURXQd,
PiQiPiViQg abiOiW\ WR PaS VPaOO RbjecWV

Ɣ US WR hRXUV Rf fO\iQg
Ɣ >20 NP2 cRYeUage

(aOWiWXde/SeUPiVViRQV
deSeQdiQg)

Rotar\-Zing UAVs

Ɣ FOe[ibOe aQd eaV\ WR XVe
Ɣ LRZ fOighW heighWV aQd VSeed
Ɣ HRYeUiQg caSabiOiW\
Ɣ VeUWicaO WaNe-Rff/OaQdiQg

Ɣ LRZeU aUea cRYeUage
Ɣ WiQd caQ affecW VWabiOiW\ aQd fOighW WiPe (iQ

eYeQ PRdeUaWe ZiQd cRQdiWiRQV daWa
cROOecWiRQ RQO\ SRVVibOe ZiWh fi[ed ZiQg
V\VWePV)

Ɣ 10 - 40 PiQV Rf fO\iQg
Ɣ 5 - 50,000 P2 cRYeUage

(aOWiWXde deSeQdiQg)

H\brid UAVs

Ɣ HRYeUiQg caSabiOiW\
Ɣ VeUWicaO WaNe-Rff/OaQdiQg
Ɣ CaQ cRYeU OaUge aUeaV

Ɣ MechaQicaOO\ cRPSOe[ V\VWePV
Ɣ E[SeQViYe

Ɣ US WR aQ hRXU Rf fO\iQg
(OeVV WhaQ fi[ed-ZiQg)

Ɣ a1 NP2 cRYeUage

2.3. EQYiURQPeQWaO PaUaPeWeUV MeaVXUabOe fURP SSace aQd AiU-bRUQe SeQVRUV
Sea Surface Temperature
Sea VXUface WePSeUaWXUe iV RQe Rf Whe PaiQ facWRUV cRQWUROOiQg ZheUe a SaUWicXOaU fiVh VSecieV
caQ UeSURdXce aQd OiYe, ZiWh each VSecieV haYiQg a SUefeUUed WePSeUaWXUe UaQge (Vee FigXUe 5).
AV ZaWeU WePSeUaWXUeV caQ fOXcWXaWe VigQificaQWO\ RYeU a UeOaWiYeO\ VhRUW SeUiRd Rf WiPe, SUeYiRXV
hRW VSRWV fRU fiVhiQg Pa\ QRW Oead WR ViPiOaU VXcceVV iQ Whe fXWXUe. MaSV Rf Vea VXUface
WePSeUaWXUe caQ aOVR VhRZ Whe ORcaWiRQV Rf aQd bRXQdaUieV beWZeeQ diVWiQcW ZaWeU PaVVeV,
VeSaUaWed fURP Whe VXUURXQdiQg ZaWeU b\ diffeUeQceV iQ deQViW\12.

SaWeOOiWe daWa caQ be XVed WR PaS Vea VXUface WePSeUaWXUe gORbaOO\ WZice a da\ ZiWh a ORZeU
VSaWiaO UeVROXWiRQ Rf a4 NP, RU eYeU\ feZ da\V ZiWh a higheU VSaWiaO UeVROXWiRQ Rf beWZeeQ 250 WR
300 P. ReOeYaQW VaWeOOiWe VeQVRUV cXUUeQWO\ iQ RSeUaWiRQ fRU PaSSiQg Vea VXUface WePSeUaWXUe
aUe VXPPaUiVed iQ TabOe 3, ZiWh FigXUe 6 VhRZiQg VaPSOe da\ aQd QighW-WiPe PaSV Rf Vea
VXUface WePSeUaWXUe aURXQd Whe UK. WhiOe WheVe RSWicaO daWaVeWV Pa\ be fUeeO\ aYaiOabOe aQd
SURYide gRRd cRYeUage, Whe\ UeO\ RQ ORZ cORXd cRYeU fRU XVefXO iPageU\. SSaWiaO iQWeUSROaWiRQ Rf
Whe iPageU\ caQ be SeUfRUPed WR fiOO iQ daWa VPaOO daWa gaSV caXVed b\ cORXd cRYeU b\ XViQg
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daWa fURP VXUURXQdiQg cORXd-fUee aUeaV ZiWhiQ Whe VaPe iPage, RU b\ PeUgiQg aQd iQWeUSROaWiQg
daWa fURP PXOWiSOe VeQVRUV. WhiOe XVed ZideO\ ZiWhiQ Whe VaWeOOiWe daWa cRPPXQiW\ WR SURYide
gaS-fUee SURdXcWV, iW iV ZRUWh QRWiQg WhaW iPage iQWeUSROaWiRQ UeTXiUeV PaQ\ aVVXPSWiRQV abRXW
WUeQdV iQ Whe eVWiPaWed YaUiabOe(V) aQd iQWURdXceV eUURU aQd XQceUWaiQW\ WR Whe fiQaO daWa SURdXcW.

Figure 5. Sea surface temperature preferred ranges for Yarious fish species.

Table 3. ReleYant satellites in operation for mapping sea surface temperature (SST)

Organisation Dataset Time period Spatial / temporal
resolution

NOAAa AVHRR PaWhfiQdeU Y5.3 (LeYeO 3) 1981-SUeVeQW 4 NP, WZice daiO\

NOAA OSWiPXP IQWeUSROaWiRQ SST
(OISST) Y2.1 1981-SUeVeQW 1/4�, daiO\

NASAb MODIS SST
(LeYeO 2 aQd LeYeO 3) 2002-SUeVeQW L2: 1 NP, eYeU\ 2 da\V

L3: 4.6 NP, WZice daiO\

ESAc SeQWiQeO-3 SLSTR SST (LeYeO 2) 2016-SUeVeQW 300 P, eYeU\ a2 da\V

JAXAc GCOM-C/SGLI SST 2017-SUeVeQW 250 P, eYeU\ 1-3 da\V
a NaWiRQaO OceaQic aQd AWPRVSheUic AdPiQiVWUaWiRQ (UQiWed SWaWeV)
b NaWiRQaO AeURQaXWicV aQd SSace AdPiQiVWUaWiRQ (UQiWed SWaWeV)
c EXURSeaQ SSace AgeQc\
d JaSaQ AeURVSace E[SORUaWiRQ AgeQc\
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Figure 6. Sample tZice dail\ sea surface temperature maps from AVHRR Pathfinder Y5.3 (L3
dataset), December 2020.

Ph\toplankton and Chloroph\ll-a LeYels (Ocean Colour)
Ph\WRSOaQNWRQ bORRPV caQ be iQdicaWiYe Rf aUeaV cRQWaiQiQg OaUge aPRXQWV Rf VPaOO baiWfiVh,
Zhich feed RQ Sh\WRSOaQNWRQ. AV OaUgeU SeOagic VSecieV iQ WXUQ feed RQ VPaOOeU baiWfiVh, WheVe
aUeaV caQ aOVR iQdicaWe gRRd fiVhiQg cRQdiWiRQV. The aUea aORQg Whe bRXQdaU\ beWZeeQ Whe
gUeeQ, PXUN\ ZaWeU caXVed b\ a Sh\WRSOaQNWRQ bORRP aQd cOeaUeU, bOXe ZaWeU jXVW RXWVide Whe
bORRP RfWeQ UeSUeVeQWV ideaO fiVhiQg cRQdiWiRQV, aV SeOagic VSecieV geQeUaOO\ SUefeU Whe cOeaUeU
ZaWeU aQd caQ XVXaOO\ be fRXQd aORQg Whe edgeV Rf gUeeQ bORRPV13.

Ph\WRSOaQNWRQ bORRPV caQ be ideQWified fURP RSWicaO VaWeOOiWe iPageU\ b\ WheiU diVWiQcW gUeeQ
cRORXU, dXe WR Whe chORURSh\OO cRQWaiQed iQVide Whe ceOOV Rf Whe Sh\WRSOaQNWRQ. MaSV Rf RceaQ
cRORXU caQ aOVR be XVed WR ideQWif\ iQcRPiQg Ued WiPeV, RU haUPfXO aOgaO bORRPV, Zhich RfWeQ
UeVXOW iQ ZideVSUead fiVh VicNQeVV aQd PRUWaOiW\. ReOeYaQW VaWeOOiWe VeQVRUV cXUUeQWO\ iQ RSeUaWiRQ
fRU PaSSiQg chORURSh\OO cRQceQWUaWiRQV aQd RceaQ cRORXU aUe VXPPaUiVed iQ TabOe 4, ZiWh FigXUe
7 VhRZiQg a VaPSOe chORURSh\OO cRQceQWUaWiRQ PaS aURXQd Whe UK.

AV ZiWh RSWicaO VaWeOOiWe VeQVRUV XVed fRU eVWiPaWiQg Vea VXUface WePSeUaWXUe, cORXd-fUee RU
ORZ-cORXd cRQdiWiRQV aUe UeTXiUed fRU Whe acTXiViWiRQ Rf XVefXO iPageU\ fRU eVWiPaWiQg
chORURSh\OO-a OeYeOV. HRZeYeU, gaS-fiOOiQg aOgRUiWhPV haYe beeQ deYeORSed VSecificaOO\ fRU
chORURSh\OO-a OeYeO PaSV, ZiWh Whe PRVW cRPPRQO\ XVed aOgRUiWhP (DaWa-IQWeUSROaWiQg EPSiUicaO
OUWhRgRQaO FXQcWiRQV, DINEOF) eVWiPaWiQg gaS YaOXeV b\ iQWeUSROaWiQg a ViQgOe RU PXOWiSOe
cRUUeOaWed RceaQRgUaShic YaUiabOeV14. OWheU aSSURacheV XVe VWaWiVWicaO aQd PachiQe OeaUQiQg
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aOgRUiWhPV (e.g., UaQdRP fRUeVW PRdeOV) WR SUedicW YaOXeV fRU cORXd-cRYeUed Si[eOV baVed RQ
YaOid chORURSh\OO-a YaOXeV aQd RWheU UeOaWed YaUiabOeV UeceQWO\ RbVeUYed QeaUb\14.

Figure 7. Sample chloroph\ll-a concentration map from GCOM-C

Table 4. ReleYant satellites in operation for mapping chloroph\ll concentration

Organisation Dataset Time period Spatial / temporal resolution

NASA MODIS ATXa ChORURSh\OO
CRQceQWUaWiRQ 2002-SUeVeQW 1 NP, QeaU daiO\

NOAA/NASA SXRPi NPP (VIIRS)
ChORURSh\OO-a 2012-SUeVeQW 750 P (aW QadiU), eYeU\ 16 da\V

ESA SeQWiQeO-3 OLCI TeUUeVWUiaO
ChORURSh\OO IQde[ 2012-SUeVeQW 300 P, eYeU\ a2 da\V

JAXA GCOM-C/SGLI ChORURSh\OO-a
CRQceQWUaWiRQ (LeYeO 3) 2017-SUeVeQW 250 P, eYeU\ 1-3 da\V

NASA/UNCW SeaHaZN OceaQ CRORU 2018-SUeVeQW 120 P, eYeU\ 9 da\V

NRWe: OWheU cRPPRQ VaWeOOiWeV ZiWh RSWicaO VeQVRUV (e.g., LaQdVaW-8, SeQWiQeO-2) caQ aOVR be XVed
WR deUiYe a chORURSh\OO iQde[
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Bath\metr\
BaWh\PeWUic daWa aUe XVefXO iQ ideQWif\iQg Whe ORcaWiRQ aQd PRYePeQWV Rf fiVh, ZiWh gORbaO
baWh\PeWU\ daWa fUeeO\ aYaiOabOe RQOiQe (e.g., fURP Whe EXURSeaQ MaUiQe ObVeUYaWiRQ aQd DaWa
NeWZRUN (EMODQeW) RU Whe IQWeUQaWiRQaO H\dURgUaShic OUgaQi]aWiRQ DaWa CeQWeU fRU DigiWaO
BaWh\PeWU\). FigXUe 8 VhRZV Whe aYaiOabOe baWh\PeWU\ daWa aURXQd Whe UK cRaVWOiQe fURP
EMODQeW, Zhich cRPbiQeV VaWeOOiWe-deUiYed baWh\PeWU\ daWa SURdXcWV ZiWh RWheU baWh\PeWUic
VXUYe\ daWa VeWV.

ThiV RSeQ baWh\PeWUic daWa haV a OaUge VSaWiaO fRRWSUiQW, aQd ZhiOe RSeQ RceaQ aUeaV Pa\ be
PaSSed WR a VXfficieQW OeYeO, Whe daWa iV RfWeQ iQadeTXaWe iQ VhaOORZ (<40 P deeS) cRaVWaO
ZaWeUV15. RegXOaU, UeSeaW PaSSiQg Rf RceaQ fORRU baWh\PeWU\ ZRXOd eQabOe beWWeU VhaUiQg Rf
cRaVWaO ZaWeUV aQd PaUiQe SOaQQiQg, accRXQWiQg fRU chaQgeV iQ baWh\PeWU\ fURP SURceVVeV VXch
aV VediPeQW eURViRQ aQd accXPXOaWiRQ aQd chaQQeO dUedgiQg15. WhiOe cRaVWaO baWh\PeWU\ daWa
ZiOO QRW be aV XVefXO fRU SeOagic fiVheUV RXW iQ deeSeU ZaWeUV, iW ZRXOd PaNe a big diffeUeQce fRU
WhRVe fiVheUV caWchiQg VheOOfiVh aQd RWheU RUgaQiVPV iQ QeaU VhRUe aUeaV ZheUe baWh\PeWU\ Pa\
XQdeUgR VhRUW-WeUP chaQgeV.

Figure 8. Sample bath\metr\ around the UK coastline from EMODnet.
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OSWicaO iPageU\ fURP VaWeOOiWeV haV beeQ XVed WR deUiYe baWh\PeWU\ iQ VhaOORZ aUeaV. FRU
e[aPSOe, Whe bOXe aQd gUeeQ baQdV Rf LaQdVaW 8 iPageU\ haYe beeQ XVed ZiWh a UaWiR WUaQVfRUP
aOgRUiWhP WR deUiYe baWh\PeWU\ iQ cOeaU ZaWeU ZiWh deSWhV >25 P16, aOWhRXgh WhiV daWa ZRXOd beVW
be XVed iQ cRPbiQaWiRQ ZiWh h\dURgUaShic VXUYe\ baWh\PeWU\ daWa. WhiOe RSWicaO daWaVeWV VXch
aV LaQdVaW 8 Pa\ be fUeeO\ aYaiOabOe aQd haYe high VSaWiaO UeVROXWiRQ, Whe\ UeO\ RQ ORZ cORXd
cRYeU fRU XVefXO iPageU\. IQ addiWiRQ, Whe PeWhRd fRU deUiYiQg baWh\PeWU\ aVVXPeV VSaWiaOO\
hRPRgeQeRXV ZaWeU TXaOiW\ aQd ZRUNV beVW iQ cOeaU ZaWeU.

A cRPbiQaWiRQ Rf VaWeOOiWe-deUiYed RSWicaO iPageU\ aQd RWheU VSacebRUQe VRXUceV Rf baWh\PeWU\
daWa haYe aOVR beeQ XVed WR SURdXce OaUge-VcaOe baWh\PeWU\ PaSV. FRU e[aPSOe, a PeWhRd fRU
SURdXciQg high VSaWiaO UeVROXWiRQ VaWeOOiWe-deUiYed baWh\PeWU\ haV beeQ deYeORSed XViQg Whe
UeOaWiRQVhiS beWZeeQ ICESaW-2 LiDAR daWa SRiQWV (Zhich caQ VhRZ baWh\PeWU\ aW diVcUeeW
ORcaWiRQV) aQd SeQWiQeO-2 RSWicaO iPageU\ UefOecWaQce15, Zhich haV PXch OaUgeU VSaWiaO cRYeUage
aQd a VPaOO gURXQd fRRWSUiQW (10 P Si[eO Vi]e).

SaWeOOiWe-deUiYed baWh\PeWU\ ZiWh PachiQe OeaUQiQg aOgRUiWhPV haV aOVR Pade cRQVideUabOe
SURgUeVV aV PRUe UeOeYaQW aQd high TXaOiW\ daWa becRPe aYaiOabOe fURP VSace ZiWh Whe XVe Rf
cORXd-cRPSXWiQg SOaWfRUPV. LaQdVaW 8 iPageU\ haV beeQ XVed ZiWh PachiQe OeaUQiQg WR SURdXce
baWh\PeWU\ PaSV, b\ WUaiQiQg a UaQdRP fRUeVW PRdeO XViQg a OaUge aPRXQW Rf UefeUeQce
baWh\PeWU\ daWa17.

SSacebRUQe UadaU daWa caQ aOVR be XVed WR deUiYe baWh\PeWU\, UeO\iQg RQ Whe UeOaWiRQVhiS
beWZeeQ Vea fORRU WRSRgUaSh\ aQd ZaYe chaUacWeUiVWicV RQ Whe Vea VXUface. FRU e[aPSOe,
SeQWiQeO-1A C-baQd SAR daWa haV beeQ XVed fROORZiQg a faVW FRXUieU WUaQVfRUP PeWhRd WR
UeWUieYe ZaYeOeQgWh aQd ZaYe diUecWiRQ, fURP Zhich ZaWeU deSWh ZaV eVWiPaWed18.

TabOe 5 VXPPaUiVeV a feZ e[aPSOe VaWeOOiWe daWaVeWV fRU deUiYiQg baWh\PeWU\. ThiV iV QRW aQ
e[haXVWiYe OiVW Rf aYaiOabOe daWaVeWV RU UeOeYaQW VeQVRUV fRU PeaVXUiQg baWh\PeWU\; iQdeed,
PaQ\ RWheU RSWicaO aQd UadaU VaWeOOiWe VeQVRUV cRXOd be XVed WR deUiYe baWh\PeWU\ XViQg ViPiOaU
PeWhRdV.

Table 5. E[amples of releYant satellites in operation for sea floor bath\metr\

Organisation Dataset / Satellites Time period Spatial / temporal
resolution

Ma[imum depth
Yisible

NASA/ESA LaQdVaW RU SeQWiQeO-2 2013-SUeVeQW 30 P, eYeU\ 16 da\V a25 P

NASA/ESA
ICESaW-2 LiDAR
cRPbiQed ZiWh SeQWiQeO-2
(S2) RSWicaO daWa

2018-SUeVeQW
2015-SUeVeQW

10 P, eYeU\ 5 da\V
(S2) 25 WR 30 P

ESA SeQWiQeO-1A C-baQd SAR 2015-SUeVeQW 10 P, eYeU\ 6 da\V 15 WR 30 P
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Sea Surface Salinit\
SaOiQiW\ iV aQRWheU RQe Rf Whe PaiQ facWRUV cRQWUROOiQg ZheUe a SaUWicXOaU fiVh VSecieV caQ VXUYiYe.
MRVW fiVh aQd cUXVWaceaQV aUe eiWheU e[cOXViYeO\ fUeVhZaWeU RU e[cOXViYeO\ VaOWZaWeU VSecieV.
SRPe VSecieV adaSW WR bRWh eQYiURQPeQWV deSeQdiQg RQ WheiU VWage Rf Oife; fRU e[aPSOe,
aQadURPRXV VSecieV OiYe iQ VaOWZaWeU bXW VSaZQ iQ fUeVhZaWeU, aQd caWadURPRXV VSecieV fROORZ
Whe RSSRViWe (VSaZQ iQ VaOWZaWeU bXW OiYe iQ fUeVhZaWeU)19. EXU\haOiQe VSecieV caQ VXUYiYe iQ
eiWheU VaOWZaWeU RU fUeVhZaWeU aW aQ\ SRiQW iQ WheiU Oife c\cOe19. FigXUe 9 VhRZV VRPe e[aPSOe
VaOiQiW\ SUefeUeQceV fRU VeYeUaO fiVh aQd cUXVWaceaQV.

Figure 9. Salinit\ preferences for select fish and crustaceans

Sea VXUface VaOiQiW\ caQ aOVR be PeaVXUed fURP VaWeOOiWe VeQVRUV. UViQg a cRPbiQaWiRQ Rf daWa
fURP WhUee L-baQd VaWeOOiWe VeQVRUV (Vee TabOe 6), VaOiQiW\ caQ be PaSSed gORbaOO\ eYeU\ 2 WR 3
da\V ViQce 2010, ZiWh a VSaWiaO UeVROXWiRQ beWZeeQ 40-150 NP. FigXUe 10 VhRZV a PaS Rf gORbaO
Vea VXUface VaOiQiW\, fURP Whe ESA COiPaWe ChaQge IQiWiaWiYe SURjecW. WhiOe WheVe PaSV SURYide
fUeTXeQW gORbaO cRYeUage, Whe\ aUe PRUe XQceUWaiQ iQ Whe cROd ZaWeUV fRXQd aW higheU OaWiWXdeV,
dXe WR fRU e[aPSOe a ORVV Rf VeQViWiYiW\, iQcUeaVed Vea URXghQeVV, OaQd aQd Vea ice, aQd UadiR
fUeTXeQc\ iQWeUfeUeQce20. The\ aOVR haYe a OaUge VSaWiaO fRRWSUiQW aQd aUe OeVV accXUaWe iQ
cRaVWaO UegiRQV.
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ReceQW adYaQceV iQ PachiQe OeaUQiQg caSabiOiWieV haYe Oed WR QeZ PeWhRdV deYeORSed fRU
eVWiPaWiQg Vea VXUface VaOiQiW\ fURP RSWicaO VaWeOOiWe iPageU\. FRU e[aPSOe, a deeS QeXUaO
QeWZRUN haV beeQ XVed WR OiQN SeQWiQeO-2 RSWicaO daWa baQd iQfRUPaWiRQ ZiWh a OaUge QeWZRUN Rf
iQ-ViWX daWa cROOecWed fURP YaUiRXV YeVVeOV, bXR\V aQd PeaVXUePeQW SOaWfRUPV21, UeVXOWiQg iQ
high UeVROXWiRQ (100 P [ 100 P aYeUaged VTXaUeV) PaSSiQg Rf Vea VXUface VaOiQiW\. The XVe Rf
RSWicaO iPageU\, hRZeYeU, SUeVeQWV iVVXeV ZiWh cORXd cRYeU aQd Whe SUeVeQce Rf Vea fRaP,
YeVVeOV aQd aOgaO bORRPV21, Zhich caQ aOO affecW UefOecWaQce PeaVXUed b\ Whe VaWeOOiWe.

Table 6. E[amples of releYant L-band satellites in operation for sea surface salinit\

Organisation Dataset / Satellites Time period Spatial / temporal
resolution

ESA SRiO MRiVWXUe aQd OceaQ SaOiQiW\
(SMOS) L-baQd MIRAS 2010-SUeVeQW a50 NP, eYeU\ 2-3 da\V

NASA ATXaUiXV L-baQd 2011-2015 150 NP, eYeU\ a7 da\V

NASA SRiO MRiVWXUe AcWiYe PaVViYe
(SMAP) L-baQd 2015-SUeVeQW a40 NP, eYeU\ 2-3 da\V

Figure 10. Monthl\ aYerage sea surface salinit\ for Jul\ 2015 from merged SMOS, Aquarius and
SMAP data.
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Wind and Surface Roughness
WeaWheU cRQdiWiRQV aW Vea haYe iPSRUWaQW iPSOicaWiRQV fRU Whe fiVhiQg iQdXVWU\, cRQWUROOiQg ZheQ
aQd ZheUe YeVVeOV caQ RSeUaWe. SWRUP\ cRQdiWiRQV, VXch aV WhRVe VeeQ iQ Whe ZiQWeU Rf
2013/2014, caQ VeYeUeO\ diVUXSW Whe iQdXVWU\ b\ NeeSiQg YeVVeOV Wied XS aW SRUW fRU PRQWhV22.
ChaUacWeUiVWicV Rf VWRUPiQeVV, VXch aV Vea VXUface URXghQeVV aQd VXUface ZiQd caQ be
PeaVXUed fURP VaWeOOiWe VeQVRUV.

Sea VXUface URXghQeVV, Zhich caQ SURYide iQfRUPaWiRQ abRXW VXUface cXUUeQWV aQd ZaYe fURQWV,
caQ be PeaVXUed XViQg SAR daWa RU fURP UadiRPeWeU-deUiYed VXQgOiQWV. FRU e[aPSOe, ESA¶V
SeQWiQeO-1 SAR aQd NASA¶V MXOWi-aQgOe IPagiQg SSecWURRadiRPeWeU (MISR) caQ bRWh SURYide
iQfRUPaWiRQ abRXW RceaQic fURQWV (Vee FigXUe 11a-b), ZiWh SeQWiQeO-1 aOVR abOe WR caSWXUe SXUe
RceaQ ZaYeV (Vee FigXUe 11c). SeQWiQeO-1 SAR daWa caQ aOVR caSWXUe ZiQd VWUeaNV RQ Whe Vea
VXUface, aQ iPSUiQW Rf eQhaQced ZiQd SeUWXUbaWiRQV QeaU Whe VXUface WhaW aSSeaU RQ Whe iPage
aV 2D UROO-VhaSed SaWWeUQV23 (Vee FigXUe 11d). AUeaV Rf ORZ ZiQd acWiYiW\ aUe aOVR YiVibOe RQ Whe
SAR iPageU\, aSSeaUiQg aV daUN aUeaV ZiWh QR RceaQ ZaYe VigQaWXUe RQ Whe iPage, ZheUe Whe
UadaU bacNVcaWWeU fURP Whe Vea VXUface iV ZeaN23 (Vee FigXUe 11e).

Figure 11. Sample Sentinel-1 imager\23 of (a) ocean ZaYes, (b) an oceanic front, (d) Zind streaks
and (e) a loZ Zind area, and a MISR image25 of (c) an oceanic front. Note that images are not taken
on the same date or oYer the same area.
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NeaU VXUface RceaQ ZiQd VSeed aQd diUecWiRQ caQ aOVR be PeaVXUed XViQg acWiYe
VcaWWeURPeWeUV aQd SaVViYe UadiRPeWeUV; VcaWWeURPeWeUV caQ SURYide RceaQ ZiQd VSeed aQd
diUecWiRQ daWa, ZheUeaV UadiRPeWeUV caQ SURYide ZiQd VSeed RQO\24. FigXUe 12 VhRZV e[aPSOe
ZiQd VSeed aQd diUecWiRQ PaSV RYeU Whe Fiji iVOaQdV fURP 14Wh FebUXaU\ 2016 fURP WhUee diffeUeQW
VaWeOOiWe VeQVRUV, dXUiQg Whe deYeORSPeQW Rf WURSicaO c\cORQe WiQVWRQ.

Figure 12. Sample Zind speed and direction maps from (a) ESA¶s ASCAT and (b) USAF STP
WindSat and Zind speed from (c) NASA¶s SMAP. Source: Ref 26.

TabOe 7 VXPPaUiVeV a feZ e[aPSOe VaWeOOiWe daWaVeWV fRU deUiYiQg VXUface URXghQeVV aQd ZiQd
chaUacWeUiVWicV. ThiV iV QRW aQ e[haXVWiYe OiVW Rf aYaiOabOe daWaVeWV RU UeOeYaQW VeQVRUV fRU
PeaVXUiQg WheVe SaUaPeWeUV, ZiWh RWheU SAR aQd UadiRPeWeU VaWeOOiWe VeQVRUV XVed WR deUiYe
URXghQeVV aQd ZiQd SaWWeUQV XViQg ViPiOaU PeWhRdV.

Table 7. E[amples of releYant satellites in operation for sea surface roughness and Zind

Organisation Dataset / Satellites Time period Spatial / temporal resolution

Sea surface roughness

ESA SeQWiQeO-1A C-baQd SAR 2015-SUeVeQW 10 P, eYeU\ 6 da\V

NASA MXOWi-aQgOe IPagiQg SSecWURRadiRPeWeU
(MISR) RQbRaUd TERRA 2000-SUeVeQW 275-1100 P, eYeU\ 9 da\V

Wind properties

USAF STPa CRUiROiV WiQdSaW 2003-SUeVeQW 25 NP, eYeU\ 8 da\V

ESA AdYaQced ScaWWeURPeWeU (ASCAT) 2006-SUeVeQW 30-50 NP, eYeU\ a1.5 da\V

ESA SMOS MIRAS 2010-SUeVeQW a50 NP, eYeU\ 2-3 da\V

NASA SMAP 2015-SUeVeQW a40 NP, eYeU\ 8 da\V
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ESA SeQWiQeO-1 C-baQd SAR 2015-SUeVeQW 10 P, eYeU\ 6 da\V

ISROb SCATSaW-1 OSCAT-2 KX-baQd 2016-SUeVeQW 12.5 NP, eYeU\ a4 hUV

a UQiWed SWaWeV AiU FRUce SSace TeVW PURgUaP
b IQdiaQ SSace ReVeaUch OUgaQiVaWiRQ

Air Pollution from Fishing Vessels
AOO SROOXWiRQ fURP YeVVeOV aW Vea caQ haYe QegaWiYe iPSacWV RQ cOiPaWe chaQge, aPbieQW aiU
TXaOiW\ aQd hXPaQ heaOWh27. FRU e[aPSOe, Whe ePiVViRQ Rf CO2 aQd PeWhaQe (CH4) iPSacWV
EaUWh¶V gUeeQhRXVe gaV bXdgeW, OeadiQg WR iQcUeaVed gORbaO ZaUPiQg. The UeOeaVe Rf aiU
SROOXWaQWV VXch aV QiWURgeQ diR[ide (NO2) aQd VXOShXU diR[ide (SO2) caQ Oead WR acid UaiQ, aQd
hXPaQ heaOWh caQ be iPSacWed b\ Whe UeOeaVe Rf h\dURcaUbRQV aQd fiQe SaUWicXOaWe PaWWeU27.

AiU SROOXWaQWV UeOeaVed fURP VPaOO fiVhiQg YeVVeOV aUe difficXOW WR PeaVXUe aQd PRQiWRU, ZiWh PRVW
SaVW VWXdieV fRcXViQg RQ OaUgeU YeVVeOV aQd cRaVWaO WUaQVSRUW VhiSV, aQd ePiVViRQV PRVWO\
PeaVXUed XViQg iQ-Oab eQgiQe WeVWV, RQ-VhiS VeQVRUV aQd SOXPe WUacNiQg fURP aiUcUafW27.
HRZeYeU, UeceQW adYaQceV iQ VaWeOOiWe WechQRORg\ haYe aOORZed fRU Whe PeaVXUePeQW Rf VRPe aiU
SROOXWaQWV fURP VSace (Vee TabOe 8), iQcOXdiQg NO2 aQd CO2. FRU e[aPSOe, ESA¶V SeQWiQeO-5P
TURSRPi iQVWUXPeQW iV abOe WR highOighW WUaiOV Rf NO2 OefW iQ Whe aiU fURP YeVVeO PRYePeQW (Vee
FigXUe 13). The iQVWUXPeQW iV aOVR abOe WR PeaVXUe caUbRQ PRQR[ide (CO), CH4 aQd R]RQe (O3).

SeYeUaO VaWeOOiWeV cXUUeQWO\ PRQiWRU CO2, iQcOXdiQg NASA¶V OUbiWiQg CaUbRQ ObVeUYaWRU\-2
(OCO-2), JaSaQ¶V GUeeQhRXVe gaVeV ObVeUYiQg SaWeOOiWe (GOSAT) aQd ChiQa¶V TaQSaW.
HRZeYeU, WheVe VaWeOOiWeV cROOecW gORbaO PeaVXUePeQWV Rf CO2 aW cRaUVe UeVROXWiRQV fRU
chaUacWeUi]iQg gORbaO RU UegiRQaO VcaOe caUbRQ fOX[eV, aQd ZRXOd QRW be VXiWed fRU PRQiWRUiQg
CO2 ePiVViRQ fURP VPaOO fiVhiQg YeVVeOV. TheUe aUe, hRZeYeU, fXWXUe SOaQV fRU PRQiWRUiQg CO2

fURP VSace iQ higheU UeVROXWiRQ, iQcOXdiQg ESA¶V SOaQQed 2025 OaXQch Rf SeQWiQeO-7, aOVR NQRZQ
aV CO2M (CRSeUQicXV AQWhURSRgeQic CaUbRQ DiR[ide MRQiWRUiQg). SeQWiQeO-7 iV dedicaWed WR
PRQiWRUiQg CO2 ePiVViRQV, ZiWh WhUee RUbiWiQg VaWeOOiWeV fRU SiQSRiQWiQg VSecific VRXUceV Rf
ePiVViRQV28. CXUUeQW VaWeOOiWeV (i.e., OCO-2, GOSAT aQd TaQSAT) aUe RQO\ abOe WR giYe aQ
aYeUage UeadiQg Rf CO2 cRQceQWUaWiRQ, QRW iWV VSecific VRXUce.

CRQVWeOOaWiRQV Rf VPaOOeU VaWeOOiWeV aUe aOVR beiQg deYeORSed WR WUacN CO2 aQd CH4 ePiVViRQV. A
SURjecW caOOed SSace CaUbRQ ObVeUYaWRU\ (SCARBO) iV cXUUeQWO\ beiQg XQdeUWaNeQ WR deYeORS
VPaOO iQVWUXPeQWV fRU PeaVXUiQg CO2 ePiVViRQV fURP iQdiYidXaO ciWieV aQd SRZeU SOaQWV29. The
SURjecW haV eVWiPaWed WhaW a cRQVWeOOaWiRQ Rf 24 Rf Whe VPaOO VaWeOOiWeV ZRXOd be abOe WR SURYide
gORbaO ZeeNO\ eVWiPaWeV Rf CO2 cRQceQWUaWiRQ, aQd cRXOd be WaVNed WR fO\ RYeU a VSecific aUea RQ
a daiO\ baViV29. IQ a ViPiOaU YeiQ, Whe EQYiURQPeQWaO DefeQVe FXQd (EDF) iV ZRUNiQg ZiWh
UeVeaUcheUV aW HaUYaUd UQiYeUViW\ WR deYeORS VPaOO VaWeOOiWeV fRU PRQiWRUiQg CH4, caOOed
MeWhaQeSAT. A cRQVWeOOaWiRQ Rf Whe VPaOO VaWeOOiWeV ZiOO be abOe WR PRQiWRU PeWhaQe
cRQceQWUaWiRQ RQ a ZeeNO\ baViV, aW a VSaWiaO UeVROXWiRQ Rf 1 NP30. MeWhaQeSAT iV cXUUeQWO\
SOaQQed fRU OaXQch VRPeWiPe afWeU OcWRbeU 2022.
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Figure 13. Nitrogen dio[ide concentration, 16 April 2021, Sentinel-5P TROPOMI

Table 8. E[amples of releYant satellites in operation for monitoring air pollution

Organisation Dataset / Satellites Pollutants
measured Time period Spatial / temporal

resolution

Coarse resolution satellites (global or regional scale measurements)

JAXA GOSAT-1/2 TANSO-FTS CO2, CH4, O3,
H2O, CO 2009-SUeVeQW a10 NP, eYeU\ 3 da\V

NASA OCO-2 CO2, O2 2015-SUeVeQW 1�, eYeU\ 16 da\V

MOSTa TaQSAT CO2 2017-SUeVeQW a2 NP, eYeU\ 16 da\V

Higher resolution satellites (suitable for Yessel emissions tracking)

ESA SeQWiQeO-5P TURSRPi NO2, CO, CH4, O3 2019-SUeVeQW 7 NP, eYeU\ 16 da\V

EDFb/HaUYaUd MeWhaQeSAT CH4 2022 OaXQch 1 NP, eYeU\ 7 da\V

ESA SeQWiQeO-7 (CO2M) CO2, NO2 2025 OaXQch 2 NP, eYeU\ feZ da\V

a MiQiVWU\ Rf ScieQce aQd TechQRORg\ Rf ChiQa
b EQYiURQPeQWaO DefeQVe FXQd
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Marine Debris from Fisheries ActiYit\
IQcUeaViQg aPRXQWV Rf PaUiQe debUiV aUe eQdiQg XS iQ Whe RceaQ, SRViQg QeZ WhUeaWV WR Whe
RceaQ heaOWh aQd PaUiQe RUgaQiVPV. MaUiQe debUiV fURP hXPaQV caQ WUaYeO OaUge diVWaQceV
acURVV Whe RceaQV, ZiWh a OaUge aPRXQW Rf debUiV cRQgUegaWiQg iQ ZhaW iV NQRZQ aV Whe GUeaW
Pacific GaUbage PaWch fORaWiQg beWZeeQ HaZaii aQd CaOifRUQia. DeUeOicW fiVhiQg QeWV haYe beeQ
eVWiPaWed WR accRXQW fRU 46% Rf Whe PaUiQe debUiV fRXQd iQ Whe SaWch31. The PajRUiW\ Rf Whe UeVW
Rf Whe 79,000 WRQV Rf debUiV iV PRVWO\ RWheU fiVhiQg geaU, iQcOXdiQg URSeV, cUaWeV aQd baVNeWV,
aQd RWheU fiVhiQg WUaSV (e.g., eeO WUaSV, ORbVWeU SRWV)31. TheVe diVcaUded fiVhiQg QeWV, caOOed
ghRVWQeWV, aUe hXgeO\ SURbOePaWic fRU PaUiQe RUgaQiVPV, aV Whe\ WUaS, NiOO RU iQjXUe OaUge PaUiQe
PaPPaOV OiNe ZhaOeV, VeaOV aQd WXUWOeV.

The SUeYeQWiRQ aQd UedXcWiRQ Rf PaUiQe SROOXWiRQ aQd debUiV b\ 2025 iV Whe aiP Rf Whe UN
SXVWaiQabOe DeYeORSPeQW GRaO (SDG) TaUgeW 14.1, SaUW Rf Whe Decade Rf OceaQ ScieQce fRU
SXVWaiQabOe DeYeORSPeQW (2021-2030)32. DXe WR OiPiWed aQd RfWeQ iQaccXUaWe RbVeUYaWiRQV, iW¶V
difficXOW WR PRQiWRU Whe VRXUce, diVWUibXWiRQ aQd WUaQVSRUW SaWhZa\V Rf PaUiQe debUiV32, 33. DebUiV iV
cXUUeQWO\ ideQWified XViQg OaQd aQd VhiS-baVed RbVeUYaWiRQV aV ZeOO aV aiUcUafW aQd iPageU\ fURP
UAVV.

The cRQceSW Rf aQ iQWegUaWed PaUiQe debUiV RbVeUYiQg V\VWeP (IMDOS) ZaV UeceQWO\ iQWURdXced,
Zhich aiPV WR SURYide gORbaO cRYeUage Rf PaUiQe debUiV aQd SURYide VXSSRUW fRU SURSRVed
PiWigaWiRQ VWUaWegieV32. IMDOS ZRXOd cRPbiQe UePRWe VeQViQg daWa (e.g., SAR daWa,
fOXRUeVceQce daWa, high-UeVROXWiRQ iPageU\, aQd PXOWi- aQd h\SeUVSecWUaO daWa) ZiWh iQ-ViWX
RbVeUYaWiRQV fURP VhiSV, bXR\V, UAVV aQd aiUcUafW WR PeaVXUe diffeUeQW W\SeV Rf PaUiQe debUiV32.
MRdeOV ZRXOd aOVR be XVed WR UeSUeVeQW RceaQ d\QaPicV, VXch aV ciUcXOaWiRQ SaWWeUQV, aQd WR
WUacN SaUWicOeV UeSUeVeQWiQg debUiV WhURXghRXW Whe gORbaO RceaQ V\VWeP.

SeYeUaO VaWeOOiWe VeQVRUV aUe aOUead\ beiQg XVed WR ideQWif\ PaUiQe debUiV, iQcOXdiQg YeU\ high
UeVROXWiRQ RSWicaO VeQVRUV OiNe POaQeWScRSe, RaSidE\e aQd WRUOdVieZ-3, aV ZeOO aV
VSecWURUadiRPeWeUV aQd SAR VeQVRUV (Vee TabOe 9). VeU\ high UeVROXWiRQ iPageU\ ZiWh a VSaWiaO
fRRWSUiQW Rf 30 WR 50 cP caQ be XVed WR ideQWif\ fORaWiQg PaVVeV Rf debUiV (Vee FigXUe 14a);
hRZeYeU, iW caQQRW be XVed WR ideQWif\ iQdiYidXaO RbjecWV VPaOOeU WhaQ a feZ PeWeUV Zide. AeUiaO
VXUYe\V WaNeQ fURP aiUcUafW RU UAVV caQ be XVed WR ideQWif\ VPaOOeU iQdiYidXaO RbjecWV ZiWh
PaVVeV Rf PaUiQe debUiV34 (Vee FigXUe 14b); hRZeYeU, WheVe PeWhRdV cRYeU a VPaOOeU VSaWiaO
aUea cRPSaUed WR VaWeOOiWe iPageU\ aQd Pa\ be UeOiaQW RQ ZeaWheU cRQdiWiRQV, baWWeU\ Oife aQd
RWheU aiUVSace UegXOaWiRQV.

SSecWURUadiRPeWeUV caQ be XVed WR deWecW SOaVWic PaWeUiaOV baVed RQ XQiTXe VSecWUaO abVRUSWiRQ
feaWXUeV iQ Whe QeaU-iQfUaUed (NIR) aQd VhRUW-ZeaYe iQfUaUed (SWIR) VSecWUXP, aV SOaVWic debUiV
haV a higheU UefOecWaQce VigQaO cRPSaUed WR RSeQ RceaQ ZaWeU32. HRZeYeU, iQ RUdeU WR ideQWif\
diffeUeQW W\SeV Rf SOaVWic, hXge OibUaUieV Rf VSecWUaO SURSeUWieV Rf diffeUeQW W\SeV Rf PaUiQe debUiV
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ZRXOd Qeed WR be cUeaWed, aV ZeOO aV OibUaUieV cRQVideUiQg Whe VSecWUaO SURSeUWieV Rf iQRUgaQic
VXbVWaQceV WhaW Pa\ aOVR be QeaUb\32.

Table 9. E[amples of releYant satellites in operation for monitoring marine debris

Organisation Dataset / Satellites Time period Spatial / temporal resolution

Optical sensors

POaQeW LabV POaQeWScRSe & RaSidE\ea 2009-SUeVeQW 3-5 P, daiO\

DigiWaOGORbe WRUOdVieZ-3 2015-SUeVeQW 0.30 P, aV WaVNed

DLRb EQMAP (h\SeUVSecWUaO) 2021/22 OaXQch 30 P, eYeU\ 4-24 da\V

NASA H\VSIRI (h\SeUVSecWUaO) 2023 OaXQch 30 P, eYeU\ 16 da\V

Radar sensors

DLR TeUUaSAR-X (X-baQd SAR)
TaQDEM-X (X-baQd SAR)

2007-SUeVeQW
2010-SUeVeQW 1 P, eYeU\ 11 da\V

ESA SeQWiQeO-1 (SAR) 2016-SUeVeQW 10 P, eYeU\ 5 da\V

a POaQeWScRSe aQd RaSidE\e iPageU\ iV PXch OeVV e[SeQViYe WhaQ iWV cRPPeUciaO cRXQWeUSaUWV aV iW¶V aXWRPaWicaOO\
cROOecWed eYeU\ZheUe (ZheUeaV Whe RWheUV Qeed WR WaVN iW VSeciaOO\)
b GeUPaQ AeURVSace CeQWeU

SAR aQd RWheU UadaU VeQVRUV (e.g., aOWiPeWeUV aQd VcaWWeURPeWeUV) caQ be XVed WR deUiYe RceaQ
VXUface cXUUeQWV, ZaYeV aQd YeORciW\, Zhich aOO SOa\ a OaUge UROe iQ Whe PRYePeQW Rf PaUiQe
debUiV. SAR daWa caQ aOVR be XVed WR deWecW OaUgeU debUi, VXch aV deUeOicW fiVhiQg geaU, fURP Whe
iQWeQViW\ Rf Whe bacNVcaWWeUed VigQaO; aOWhRXgh, diffeUeQceV iQ Vi]e aQd cRPSRViWiRQ Rf debUiV, aV
ZeOO iWV iQWeUacWiRQ ZiWh Whe VXUURXQdiQg RceaQ, PaNe diUecW deWecWiRQ XViQg SAR daWa
chaOOeQgiQg33.

IdeQWif\iQg aQd PRQiWRUiQg PaUiQe debUiV XViQg VaWeOOiWeV iV VWiOO a deYeORSiQg fieOd, ZiWh Whe
OaXQch Rf WZR h\SeUVSecWUaO VeQVRUV iQ Whe Qe[W feZ \eaUV aOORZiQg fRU SRWeQWiaO fXUWheU
diffeUeQWiaWiRQ beWZeeQ PaWeUiaOV. IQ addiWiRQ, Whe gURZiQg SRSXOaUiW\ Rf QaQRVaWeOOiWeV SUeVeQWV
fXUWheU RSSRUWXQiWieV fRU VSeciaOiVed VeQVRUV dedicaWed WR Whe PRQiWRUiQg Rf PaUiQe debUiV.
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Figure 14. High resolution imager\ of marine debris from (a) RapidE\e (modified from Ref 30) and (b)
aerial surYe\s using a Cessna 206 plane (Ref 32)
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3. Case Stud\ from the Scottish LandcoYer Sector
ThiV bUief caVe VWXd\ fURP Whe ScRWWiVh OaQdcRYeU VecWRU highOighWV hRZ VaWeOOiWe daWa caQ be
WXUQed iQWR acWiRQabOe iQfRUPaWiRQ aQd iQWegUaWed iQWR e[iVWiQg PaQagePeQW V\VWePV XVed fRU
deciViRQ-PaNiQg. NaWXUeScRW aQd Whe ScRWWiVh GRYeUQPeQW UeTXiUed OaQdcRYeU PaSV Rf
ScRWOaQd iQ RUdeU WR PeaVXUe aQd YaOXe Whe QaWiRQ¶V QaWXUaO caSiWaO (i.e., aVVeWV aQd VeUYiceV
SURYided b\ Whe QaWXUaO eQYiURQPeQW). WhiOe OaQdcRYeU PaSV Rf ScRWOaQd e[iVW, Whe\ ZeUe QRW
aYaiOabOe RQ Whe aQQXaO baViV UeTXiUed WR VXSSRUW Whe e[iVWiQg QaWXUaO caSiWaO PeaVXUePeQW
V\VWeP. PaUWQeUed ZiWh NaWXUeScRW aQd fXQded aV SaUW Rf Whe CaQ DR IQQRYaWiRQ ChaOOeQge
cRPSeWiWiRQ, SSace IQWeOOigeQce SURYided aQQXaO PaSV Rf OaQdcRYeU RYeU ScRWOaQd fRU 2019 aQd
2020 (Vee FigXUe 15). We¶Ye aOVR XQdeUWaNeQ aQaO\ViV WR SURdXce PaSV Rf OaQdcRYeU chaQge
beWZeeQ \eaUV. The PaSV aUe Pade XViQg OaUge aPRXQWV Rf VaWeOOiWe daWa aQd PachiQe OeaUQiQg,
aQd aUe aYaiOabOe fRU YieZiQg aW hWWSV://ZZZ.VSace-iQWeOOigeQce.cRP/VcRWOaQd-OaQdcRYeU/.

Figure 15. Scottish landcoYer map for 2020 (Souce: Space Intelligence)
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4. AIS and VMS Technologies
AXWRPaWic ideQWificaWiRQ V\VWeP (AIS) aQd YeVVeO PRQiWRUiQg V\VWeP (VMS) WechQRORgieV aUe
aOUead\ XVed b\ Ne\ VWaNehROdeUV ZiWhiQ Whe ScRWWiVh fiVhiQg iQdXVWU\ fRU a YaUieW\ Rf SXUSRVeV.
FRU e[aPSOe, fiVheUV XVe AIS ORcaWiRQ daWa WR aYRid cROOiViRQV aW Vea aQd WR Vee ZheUe RWheU
YeVVeOV iQ Whe fOeeW aUe cXUUeQWO\ fiVhiQg. RegXOaWRUV XVe AIS aQd VMS daWa WR PRQiWRU IUU
fiVhiQg, fRU e[aPSOe iQ MaUiQe PURWecWed AUeaV (MPAV). BRWh WechQRORgieV aUe deVcUibed beORZ,
ZiWh PRUe deWaiOed VaPSOe aSSOicaWiRQV Rf AIS aQd VMS daWa diVcXVVed WhURXghRXW Whe UeSRUW.

4.1. AXWRPaWic IdeQWificaWiRQ S\VWeP (AIS)
AIS iV a ORcaWiRQ-VhaUiQg V\VWeP deYeORSed WR aYRid cROOiViRQV, aOORZiQg YeVVeOV WR WUaQVPiW WheiU
SRViWiRQ, ideQWiW\, cRXUVe aQd VSeed. The IQWeUQaWiRQaO MaUiWiPe OUgaQi]aWiRQ (IMO) PaQdaWeV
WhaW AIS be XVed RQ OaUge YeVVeOV (>300 gURVV WRQQeV) aQd RQ WhRVe WhaW WUaYeO WhURXgh
iQWeUQaWiRQaO ZaWeUV.

TUadiWiRQaOO\ UeceiYed RQ OaQd, AIS VigQaOV caQ aOVR be UeceiYed b\ VaWeOOiWe VeQVRUV, e[WeQdiQg
Whe UaQge acURVV Zhich YeVVeOV caQ be PRQiWRUed; WhiV iV UefeUUed WR aV SaWeOOiWe AIS (S-AIS) -
Vee FigXUe 16. A VhiS WUaQVPiWV aQ AIS VigQaO, Zhich iV WheQ SicNed XS b\ S-AIS UeceiYeUV aQd
WUaQVPiWWed bacN WR eaUWh VWaWiRQV Yia UadiR aQd PicURZaYe fUeTXeQc\ OiQNV. DaWa iV WheQ
WUaQVfeUUed iQ UeaO WiPe WR SURceVViQg ceQWUeV aQd XVed WR iQfRUP bRWh ORcaO aQd RYeUVeaV
ageQcieV OiNe Whe IMO.

Figure 16. Schematic illustration of AIS, including S-AIS.
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AIS daWa iV RSeQO\ aYaiOabOe ZRUOdZide aQd caQ be acceVVed b\ aQ\RQe ZiWh aQ iQWeUQeW
cRQQecWiRQ. MaUiQeTUaffic, a SRSXOaU ZebViWe (PaUiQeWUaffic.cRP) aQd VPaUWShRQe aSS, VhRZV
gORbaO QeaU UeaO-WiPe YeVVeO SRViWiRQV XViQg a OaUge QeWZRUN Rf OaQd-baVed AIS UeceiYeUV
cRYeUiQg PRVW Rf Whe ZRUOd¶V PajRU SRUWV aQd VhiSSiQg URXWeV. FiVheUV XVe MaUiQeTUaffic (RU RWheU
Zeb-baVed PaSV aQd aSSV VhRZiQg AIS VigQaO ORcaWiRQV) WR aYRid cROOiViRQV aW Vea aQd WR Vee
ZheUe RWheU YeVVeOV ZiWhiQ Whe fOeeW aUe cXUUeQWO\ fiVhiQg. RegXOaWRUV XVe AIS daWa WR heOS
PRQiWRU IUU fiVhiQg, fRU e[aPSOe YeVVeO SUeVeQce ZiWh aQ MPA.

SSiUe, a VSace-WR-cORXd daWa aQd aQaO\WicV cRPSaQ\, XVeV OaQd-baVed aQd VaWeOOiWe-AIS daWa,
aORQgVide daWa fURP WheiU cRQVWeOOaWiRQ Rf QaQRVaWeOOiWeV, WR SURYide QeaU UeaO-WiPe daWa RQ YeVVeO
ORcaWiRQV35. SSiUe haV aOVR deYeORSed a SURdXcW caOOed D\QaPic AIS, Zhich cRPbiQeV daWa
cROOecWed fURP OaQd-baVed aQd VaWeOOiWe-AIS ZiWh daWa fURP WhRXVaQdV Rf VeQVRUV ORcaWed iQ bXV\
VhiSSiQg OaQeV ZRUOdZide. PUedicWiYe PRdeOOiQg XViQg aUWificiaO iQWeOOigeQce SURYideV iQfRUPaWiRQ
abRXW fXWXUe YeVVeO acWiYiW\, iQcOXdiQg caOcXOaWed eVWiPaWed WiPe Rf aUUiYaO (ETA) aQd SUedicWed
8-hRXU fRUecaVWV Rf YeVVeO SRViWiRQV35. FRUecaVWed YeVVeO SRViWiRQV aUe baVed RQ NQRZOedge Rf
VSecific UegiRQV aQd YeVVeO W\SeV, cRPbiQed ZiWh fRUecaVWed ZeaWheU daWa. UVeV Rf aUWificiaO
iQWeOOigeQce ZiWh AIS aQd VMS daWa aUe diVcXVVed fXUWheU iQ SecWiRQ 4.2.

4.2. VeVVeO MRQiWRUiQg S\VWeP (VMS)
VMS ZaV deYeORSed iQ Whe 1990V VSecificaOO\ fRU YeVVeO PRQiWRUiQg, cRQWURO aQd VXUYeiOOaQce, WR
heOS addUeVV QaWiRQaO VRYeUeigQW\ iVVXeV ZiWhiQ fiVhiQg WeUUiWRUieV, WR cRPbaW iOOegaO fiVhiQg aQd WR
PRQiWRU PaUiQe UeVRXUceV iQ a PRUe VXVWaiQabOe Za\36. VMS ZRUNV iQ a ViPiOaU faVhiRQ WR AIS,
ZiWh aQ aXWRPaWic ORcaWiRQ cRPPXQicaWRU iQVWaOOed SeUPaQeQWO\ RQ a YeVVeO WR VeQd RXW a VigQaO
(eYeU\ 1 WR 2 hRXUV) ZiWh a XQiTXe ideQWifieU. HRZeYeU, XQOiNe AIS, VigQaOV VeQW Yia VMS aUe
eQcU\SWed, SURYidiQg YeVVeO ORcaWiRQ iQfRUPaWiRQ RQO\ WR Whe fOag VWaWeV UeVSRQVibOe fRU
UegiVWeUiQg aQd OiceQViQg Whe YeVVeOV, aQd WR cRaVWaO VWaWeV WR PRQiWRU fRUeigQ YeVVeOV OiceQVed WR
fiVh iQ E[cOXViYe EcRQRPic ZRQeV (EEZV)37. MRUe UeceQWO\, PRVW UegiRQaO fiVheUieV PaQagePeQW
RUgaQiVaWiRQV UeTXiUe VMS RQ aOO OiceQVed fiVhiQg YeVVeOV, aQd aV Rf 2012, VMS XQiWV aUe
PaQdaWRU\ fRU aOO EU YeVVeOV gUeaWeU WhaQ 12 P ORQg38.

IQ addiWiRQ WR YeVVeO WUacNiQg, VMS iV QRZ aOVR caSabOe Rf WZR-Za\ UeSRUWiQg, faciOiWaWiQg
QeaU-UeaO WiPe eOecWURQic caWch UeSRUWiQg aQd iQWegUaWed dRcXPeQWaWiRQ VchePeV37, Zhich caQ
heOS hROd fiVheUV accRXQWabOe fRU caWch VhaUeV RU TXRWaV. VMS caQ aOVR be XVed WR VeQd RWheU
XVefXO iQfRUPaWiRQ WR YeVVeOV, iQcOXdiQg ZeaWheU UeSRUWV aQd VWRUP aOeUWV36.
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5. AI and Machine Learning

5.1. IQWURdXcWiRQ WR AI aQd MachiQe LeaUQiQg
AUWificiaO IQWeOOigeQce (AI) iV Whe fieOd Rf VcieQce cRQceUQed ZiWh Whe cUeaWiRQ Rf PachiQeV aQd
VRfWZaUe WhaW caQ XQdeUWaNe WaVNV WhaW cRXOd be cRQVideUed WR UeTXiUe iQWeOOigeQce, VXch aV
UecRgQiViQg aQd XQdeUVWaQdiQg VSeech, SeUceiYiQg VXUURXQdiQgV, PRYiQg aURXQd iQ a chaQgiQg
eQYiURQPeQW aQd XViQg XQdeUVWaQdiQg Rf a ViWXaWiRQ WR SUedicW Whe effecW Rf aQ acWiRQ aQd PaNe
deciViRQV39. TheUe aUe PaQ\ diffeUeQW bUaQcheV Rf AI Zhich cRQVideU hRZ VSecific WaVNV caQ be
achieYed. FRU e[aPSOe, cRPSXWeU YiViRQ deaOV ZiWh PeWhRdV b\ Zhich cRPSXWeUV caQ gaiQ aQ
XQdeUVWaQdiQg Rf iPageV aQd YideR, aQd SeUfRUP WaVNV VXch aV UecRgQiViQg ZheUe a SaUWicXOaU
RbjecW iV RU ideQWif\iQg VSecificaOO\ ZhaW iV VhRZQ iQ aQ iPage.

MachiQe OeaUQiQg iV a SaUW Rf AI iQ Zhich a PRdeO iV WUaiQed WR SeUfRUP a VSecific WaVN. IQ
WUadiWiRQaO SURgUaPPiQg, aQ iQSXW iV giYeQ WR a SURgUaP WhaW haV beeQ ZUiWWeQ WR fXOfiO a WaVN. The
cRPSXWeU e[ecXWeV Whe SURgUaP WheQ RXWSXWV Whe UeVXOWV. UViQg PachiQe OeaUQiQg, Whe cRPSXWeU
iV giYeQ Whe iQSXW aQd Whe cRUUeVSRQdiQg e[SecWed UeVXOWV (WUaiQiQg daWa), aQd WheQ RXWSXWV a
SURgUaP Zhich iV baVed RQ a giYeQ PRdeO40.

TheUe aUe a QXPbeU Rf diffeUeQW PRdeOV Zhich caQ be XVed iQ PachiQe OeaUQiQg. OQe Rf WheVe iV
caOOed aQ aUWificiaO QeXUaO QeWZRUN (ANN) - Vee FigXUe 17. ThiV PRdeO iV baVed ORRVeO\ RQ Whe
hXPaQ bUaiQ aQd iV cRPSRVed Rf PXOWiSOe Oa\eUV Rf QRdeV caOOed aUWificiaO QeXURQV. TheUe iV aQ
iQSXW Oa\eU, VRPe QXPbeU Rf hiddeQ Oa\eUV aQd aQ RXWSXW Oa\eU. DeSeQdiQg RQ Whe SXUSRVe Rf Whe
ANN, Whe QeXURQV iQ Whe iQSXW Oa\eU cRXOd UeSUeVeQW, fRU e[aPSOe, Si[eOV iQ aQ iPage RU
PRYePeQWV aW diffeUeQW SRiQWV iQ WiPe. Each QeXURQ iV cRQQecWed WR aOO Whe QeXURQV iQ Whe
QeighbRXUiQg Oa\eUV aQd a ZeighWiQg iV aVVRciaWed ZiWh each cRQQecWiRQ, UeSUeVeQWiQg Whe
UeOaWiYe iPSRUWaQce Rf Whe VigQaO VeQW WhURXgh WhaW cRQQecWiRQ. The QeXURQ ZiWh Whe VWURQgeVW
VigQaO iQ Whe RXWSXW Oa\eU iV Whe cOaVVificaWiRQ giYeQ b\ Whe ANN. ThURXgh Whe OeaUQiQg SURceVV,
Whe cRPSXWeU fiQdV Whe beVW YaOXeV fRU WheVe ZeighWiQgV fRU Whe ANN WR cRUUecWO\ cOaVVif\ Whe
WUaiQiQg daWa41.

TheUe aUe a QXPbeU Rf diffeUeQW W\SeV Rf QeXUaO QeWZRUNV, iQcOXdiQg cRQYROXWiRQaO QeXUaO
QeWZRUNV (CNNV). CNNV aUe SaUWicXOaUO\ gRRd aW cRPSXWeU YiViRQ WaVNV OiNe RbjecW UecRgQiWiRQ
aQd ideQWificaWiRQ, aV ZeOO aV RWheU WaVNV Zhich iQYROYe SURceVViQg daWa Zhich caQ be
UeSUeVeQWed iQ WZR diPeQViRQV, VXch aV PRYePeQW aQd VRXQdV42.
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Figure 17. Sample structure of ANN Zhich classifies Zhether an image is of a boat. Each neuron in
the input la\er represents a pi[el in the input image and the numbers represent the gre\scale
Yalue of the pi[el Zith 0 being black and 1 being Zhite. The signal is processed in the hidden
la\ers, then in the output the number represents the likelihood that the image is or isn¶t a boat.

5.2. UVeV Rf AI fRU ScRWWiVh FiVheUieV
CRPSXWeUV aUe gRRd aW caUU\iQg RXW ViPSOe aQd UeSeWiWiYe WaVNV aQd VROYiQg SURbOePV WhaW caQ
be e[SUeVVed XViQg PaWhePaWicV aQd ORgic. AI iV cRPPRQO\ aSSOied WR WaVNV iQYROYiQg
cOaVVificaWiRQ, SaWWeUQ UecRgQiWiRQ aQd PRdeOOiQg SRVVibiOiWieV. IW caQ be XVed WR SURceVV YaVW
aPRXQWV Rf daWa RQ PXch VhRUWeU WiPeVcaOeV WhaQ hXPaQV aQd aW a ORZeU cRVW.

MachiQe OeaUQiQg iV aOUead\ beiQg XVed iQ Whe fiVhiQg iQdXVWU\ ZRUOdZide. FRU e[aPSOe, Global
Fishing Watch (GFW), aQ iQdeSeQdeQW, iQWeUQaWiRQaO QRQ-SURfiW RUgaQiVaWiRQ, XVeV bURadcaVWed
AIS daWa WR ideQWif\ aQd PaS SRVVibOe cRPPeUciaO fiVhiQg YeVVeOV baVed RQ chaQgeV iQ VSeed
aQd diUecWiRQ43 (FigXUe 18). VeVVeO SURSeUWieV VXch aV OeQgWh, eQgiQe SRZeU aQd gURVV WRQQage
ZeUe ideQWified ZiWh PRUe WhaQ 90% accXUac\ XViQg AI aOgRUiWhPV WR SURceVV biOOiRQV Rf AIS
VigQaOV beWZeeQ 2012 aQd 201644.

AV ZeOO aV Whe W\Se aQd Vi]e Rf each YeVVeO, QeXUaO QeWZRUNV ZeUe abOe WR deWeUPiQe ZhaW NiQd
Rf fiVhiQg geaU ZaV beiQg XVed (e.g., WUaZOiQg geaU, ORQgOiQeV, SXUVe VeiQeV) aQd ZheQ aQd
ZheUe fiVhiQg acWiYiW\ ZaV WaNiQg SOace43. ThRXVaQdV Rf YeVVeO WUacNV ZeUe PaQXaOO\ aQaO\Ved
aQd OabeOed iQ RUdeU WR WUaiQ Whe PRdeO iQ Whe ideQWificaWiRQ Rf fiVhiQg SaWWeUQV. The XVe Rf cORXd
cRPSXWiQg heOSV WR VSeed XS aQaO\ViV, VSOiWWiQg Whe SURceVViQg RYeU WhRXVaQdV Rf PachiQeV
UXQQiQg iQ SaUaOOeO43. ThiV WechQRORg\ aOORZV fRU iQcUeaVed WUaceabiOiW\ aQd YeUificaWiRQ Rf caWch.
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GFW aiPV WR SURYide iQcUeaVed WUaQVSaUeQc\ Rf hXPaQ acWiYiW\ aW Vea, fRU Whe effecWiYe
gRYeUQaQce Rf PaUiQe UeVRXUceV, aQd acWiYeO\ SXUVXe SaUWQeUVhiSV ZiWh gRYeUQPeQW aQd
iQdXVWU\ fRU daWa VhaUiQg aQd fiVheUieV PaQagePeQW; fRU e[aPSOe, IQdRQeVia SaUWQeUed ZiWh
GFW iQ 2017, PaNiQg aOO Rf WheiU VMS daWa aYaiOabOe WR Whe RUgaQiVaWiRQ fRU iQcOXViRQ iQ WheiU
PaS. The RQOiQe PaS caQ aOVR VhRZ hiVWRUicaO daWa daWiQg WR 2012, aQd haV Whe RSWiRQ fRU a XVeU
WR XSORad WheiU RZQ daWaVeWV aQd VaYe aQd VhaUe WheiU ZRUN.

Figure 18. E[ample from Global Fishing Watch online map, shoZing apparent fishing effort (a)
around the UK betZeen 15th and 22nd Ma\ 2021, Zith (b) shoZing more details along the
south-eastern coast of Scotland.

MachiQe OeaUQiQg caQ aOVR be XVed WR ideQWif\ fiVh VSecieV caXghW aQd diVcaUded aW Vea, aidiQg
UegXOaWRUV iQ fiVheUieV PaQagePeQW. IQ a UeceQW SiORW SURgUaPPe, NOAA deSOR\ed caPeUaV RQ
bRaUd fiVhiQg YeVVeOV WR UeSOace hXPaQV aV UegXOaWRU\ RbVeUYeUV. CRPSXWeU aOgRUiWhPV ZeUe
XVed WR aQaO\Ve Whe caPeUa fRRWage aQd ZeUe WUaiQed WR ideQWif\ fiVh VSecieV aQd Vi]e aQd WR
cRXQW Whe QXPbeU Rf fiVh SeU VceQe45. IQ RQe WUiaO, aQ aOgRUiWhP ZaV abOe WR ideQWif\ fiVh VSecieV
aW 75% accXUac\ aQd fiVh cRXQW aW QeaUO\ 100% accXUac\45. EOecWURQic PRQiWRUiQg Rf fiVheU¶V
caWch aQd diVcaUd ZRXOd gUeaWO\ iPSURYe Whe WUaceabiOiW\ Rf Whe caWch, SURYiQg WhaW Whe cRUUecW
fiVh ZeUe OegaOO\ caXghW iQ Whe UighW SOace aQd WiPe aQd ZiWh Whe cRUUecW eTXiSPeQW. ThiV ZRXOd
aOVR giYe bX\eUV gUeaWeU cRQfideQce iQ Whe VXVWaiQabiOiW\ Rf ScRWWiVh fiVhiQg, OeadiQg WR aQ
iQcUeaVe iQ fiVheUieV SURfiW.

SMARTFISH H2020 iV a SURjecW UeceQWO\ fXQded b\ Whe EU¶V HRUi]RQ 2020 UeVeaUch aQd
iQQRYaWiRQ SURgUaPPe, Oed b\ Whe ScaQdiQaYiaQ iQdeSeQdeQW UeVeaUch RUgaQiVaWiRQ SINTEF
OceaQ aQd iQcOXdiQg MaUiQe ScRWOaQd aV a UeVeaUch SaUWQeU. The SURjecW aiPV WR XVe AI aQd
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PachiQe OeaUQiQg WR deYeORS iQQRYaWiYe high-Wech V\VWePV fRU Whe EU fiVhiQg VecWRU. A YaUieW\ Rf
RQ-bRaUd WechQRORgieV aUe beiQg deYeORSed aQd WeVWed WR aVViVW fiVheUV iQ PaNiQg iQfRUPed
deciViRQV, WR iPSURYe caWch efficieQcieV aQd UedXce XQiQWeQded fiVh PRUWaOiW\ aQd fiVhiQg
SUeVVXUe ZiWhiQ EU ZaWeUV46. NeZ WechQRORgieV ZiOO aOVR SURYide QeZ daWa WR iPSURYe VWRcN
aVVeVVPeQWV, aQd XVe aXWRPaWic, eOecWURQic caWch daWa cROOecWiRQ WR eQVXUe OegaOiW\ aQd
UegXOaWRU\ cRPSOiaQce46.

SRPe Rf Whe SMARTFISH H2020 iQQRYaWiYe Wech deYeORSPeQWV aUe cXUUeQWO\ beiQg WUiaOed iQ Whe
ZeVW Rf ScRWOaQd aQd Whe QRUWheUQ SaUW Rf Whe NRUWh Sea, ZiWh Whe WUiaO UXQQiQg fURP JaQXaU\
2019 WR DecePbeU 2021. OQe Rf Whe WechQRORgieV WUiaOOed iV caOOed NeShURSVScaQ, Zhich
aXWRPaWicaOO\ deWecWV aQd cRXQWV QeShURSV bXUURZV47. OWheU WechQRORgieV beiQg WeVWed iQ
ScRWWiVh ZaWeUV iQcOXde CaWchScaQQeU aQd CaWchSQaS, Zhich XVe 3D PachiQe YiViRQ fRU caWch
aQaO\ViV RQ RQ-bRaUd cRQYe\RU beOWV aQd fRU iQVSecWiQg caWch RQ VPaOOeU fiVhiQg YeVVeOV,
UeVSecWiYeO\47.
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6. Monitoring Fishing Vessels from Space
IW iV SRVVibOe WR deWecW WUacNed aQd XQWUacNed fiVhiQg YeVVeOV fURP VSace iQ RUdeU WR PRQiWRU
YeVVeO VSeed, WeUUiWRU\ cRYeUed, eTXiSPeQW XVed (e.g., QXPbeU Rf fiVhiQg OiQeV RU ORbVWeU SRWV)
aQd IUU fiVhiQg. BRWh AIS aQd VMS WUaQVPiWWeUV, WUadiWiRQaOO\ XVed fRU YeVVeO WUacNiQg aQd
PRQiWRUiQg, caQ OegaOO\ be WXUQed Rff, fRU e[aPSOe, ZheQ iQ SRUW RU ZheQ Whe YeVVeO iV QR ORQgeU
iQ XVe. HRZeYeU, WheUe aUe PaQ\ iQVWaQceV Rf YeVVeOV WXUQiQg Rff WheiU AIS WUaQVPiWWeUV ZheQ
fiVhiQg iOOegaOO\ iQ SURWecWed ZaWeUV, RU iQ ZaWeUV ZheUe Whe\ aUe QRW OiceQVed.

The PRQiWRUiQg Rf IUU fiVhiQg iV cXUUeQWO\ XQdeUWaNeQ XViQg a cRPbiQaWiRQ Rf AIS aQd VMS daWa
(ZheQ aYaiOabOe), aQd iQ-SeUVRQ PRQiWRUiQg bRWh aW Vea (e.g., CRaVW GXaUd) aQd Yia aiUcUafW. ThiV
VecWiRQ UeYieZV e[iVWiQg WechQRORgieV fRU PRQiWRUiQg fiVhiQg YeVVeOV fURP VSace, iQcOXdiQg Whe
XVe Rf high UeVROXWiRQ UadaU aQd RSWicaO iPageU\ aQd UadiR-fUeTXeQc\ VaWeOOiWeV.

6.1. MRQiWRUiQg XViQg High ReVROXWiRQ RadaU aQd OSWicaO IPageU\
High UeVROXWiRQ UadaU aQd RSWicaO iPageU\ SUeVeQW VeYeUaO SRVVibiOiWieV fRU PRQiWRUiQg aQd
WUacNiQg fiVhiQg YeVVeOV aW Vea, eYeQ if AIS aQd VMS V\VWePV haYe beeQ WXUQed Rff. SaWeOOiWe
VXUYeiOOaQce caQ be XVed fRU UegXOaWRU\ PRQiWRUiQg, fRU e[aPSOe WR deWecW iOOegaO fiVhiQg acWiYiW\
ZiWhiQ MaUiQe PURWecWed AUeaV (MPAV). VeU\ high UeVROXWiRQ (VXb-PeWeU) RSWicaO VaWeOOiWe iPageU\
cRXOd SRWeQWiaOO\ be XVed WR deWecW Whe QXPbeU Rf fiVhiQg OiQeV WUaiOiQg behiQd a YeVVeO RU WR
checN ZheWheU cUeZ aUe XViQg OegaOO\-UeTXiUed VafeW\ eTXiSPeQW.

The abiOiW\ Rf SAR daWa WR RSeUaWe iQ aOO ZeaWheU cRQdiWiRQV aQd dXUiQg bRWh da\ aQd QighW
PaNeV iW VXiWabOe fRU deWecWiQg YeVVeOV Rf YaUiRXV Vi]eV, deSeQdiQg RQ Whe VSaWiaO UeVROXWiRQ Rf
Whe VeQVRU. SeQWiQeO-1 haV a VSaWiaO UeVROXWiRQ Rf 10 P, VXiWabOe fRU deWecWiQg YeVVeOV ORQgeU WhaQ
15 P (Vee FigXUe 19a), aOWhRXgh VPaOO YeVVeOV caQ VRPeWiPeV be hiddeQ b\ ZaYeV, deSeQdiQg
RQ ZiQd VSeed aQd diUecWiRQ48. ICEYE aQd CaSeOOa daWa haYe VSaWiaO UeVROXWiRQV Rf 25 aQd 50
cP, UeVSecWiYeO\, aOORZiQg fRU eaVieU deWecWiRQ Rf VPaOOeU YeVVeOV (Vee FigXUe 19b-c). SAR daWa
caQ aOVR caSWXUe cOaVVicaO VhiS ZaNe SaWWeUQV, iQcOXdiQg ³V´ aQd WXUbXOeQW ZaYeV WUaiOiQg behiQd
a YeVVeO (Vee FigXUe 19d).

SAR daWa ZaV XVed aV SaUW Rf a OaUgeU VaWeOOiWe VXUYeiOOaQce WUiaO fRU PRQiWRUiQg fiVhiQg YeVVeO
acWiYiW\ iQ Whe AVceQViRQ IVOaQd EEZ aQd MPA49. B\ cURVV-cRUUeOaWiQg SAR deWecWiRQV agaiQVW Whe
AIS-deUiYed SRViWiRQV Rf NQRZQ YeVVeOV, a OiVW Rf XQcRUUeOaWed deWecWiRQV ZaV cRPSiOed, OeadiQg
WR Whe ideQWificaWiRQ Rf SRWeQWiaO ORQgOiQe fiVhiQg YeVVeOV ZiWhiQ Whe EEZ. VeVVeO acWiYiW\ ZaV
PRQiWRUed b\ OceaQMiQd, a WechQRORg\ SURgUaP deYeORSed b\ Whe PeZ ChaUiWabOe TUXVWV aQd a
UK cRPSaQ\ caOOed SaWeOOiWe ASSOicaWiRQV CaWaSXOW (SAC). SAC XVeV adYaQced PachiQe
OeaUQiQg WR OeaUQ Whe PRYePeQWV Rf YeVVeOV SeUfRUPiQg fiVhiQg acWiYiWieV, Zhich caQ WheQ be
aSSOied WR RWheU YeVVeOV; fRU e[aPSOe, Whe PRYePeQW SaWWeUQV ZheQ a YeVVeO Rff-ORadV caWch
RQWR aQRWheU VhiS aW Vea WR aYRid cRaVW gXaUd50. WhiOe SURYidiQg XVefXO iQfRUPaWiRQ RQ YeVVeO
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ORcaWiRQ, SAR daWa aORQe caQQRW be XVed WR deWeUPiQe ZheWheU a YeVVeO iV acWiYeO\ fiVhiQg RU
ViPSO\ WUaYeOOiQg WhURXgh aQ aUea49.

Figure 19. Sample high resolution radar imager\: Yessel detection in (a) Sentinel-1 imager\ oYer
Gibraltar (b) ICEYE imager\ oYer the RiYer Thames in London and (d) Capella Space SAR image;
and (c) ship Zake detection in Sentinel-1 imager\.

High UeVROXWiRQ RSWicaO iPageU\ caQ aOVR be XWiOi]ed fRU YeVVeO WUacNiQg aQd PRQiWRUiQg.
CRPPeUciaO VaWeOOiWe VeQVRUV VXch aV WRUOdVieZ-3, POpiadeV aQd GeRE\e-1 SURYide daWa ZiWh a
VSaWiaO UeVROXWiRQ Rf a30 WR 50 cP aQd caQ be WaVNed WR fO\ RYeU a VSecific aUea RQ aQ aV fUeTXeQW
baViV aV Qeeded, bXdgeW aOORZiQg. POaQeW LabV RffeUV fUeTXeQW gORbaO cRYeUage ZiWh a VSaWiaO
UeVROXWiRQ beWZeeQ 3 WR 5 P fURP iWV POaQeWScRSe aQd RaSidE\e VaWeOOiWeV; WhiV iPageU\ iV
aXWRPaWicaOO\ cROOecWed gORbaOO\, VR iW iV PXch OeVV e[SeQViYe WhaQ iWV cRPPeUciaO cRXQWeUSaUWV,
Zhich Qeed WR be WaVNed VSecificaOO\ RYeU aQ aUea Rf iQWeUeVW. SeQWiQeO-2 RSWicaO iPageU\ iV fUeeO\
aYaiOabOe aQd cRXOd aOVR be XVed fRU YeVVeO WUacNiQg aQd PRQiWRUiQg, aOWhRXgh iW haV a ORZeU
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VSaWiaO UeVROXWiRQ (10 P). FigXUe 20 VhRZV a feZ VaPSOe high UeVROXWiRQ iPageV ZiWh YeVVeOV
fURP WRUOdVieZ-3 aQd POaQeWScRSe VaWeOOiWeV.

Figure 20. Sample high resolution optical imager\: WorldVieZ-3 imager\ shoZing Yessels near (a)
Auckland, NeZ Zealand and (b) Lima, Peru; Planet Labs (c) PlanetScope imager\ near San
Francisco, USA and (d) Sk\Sat imager\ near Hainan Island, China.

WheWheU a YeVVeO iV SUeVeQW iQ a high UeVROXWiRQ RSWicaO iPage caQ be TXiWe RbYiRXV; hRZeYeU,
iW¶V SRVVibOe WhaW a YeVVeO haV a SeUfecWO\ OegiWiPaWe UeaVRQ fRU beiQg iQ a SaUWicXOaU ORcaWiRQ,
deSeQdiQg RQ YeVVeO W\Se (e.g., a dUedgeU Pa\ be XQdeUWaNiQg iOOegaO fiVhiQg, ZhiOe ORQgOiQe
fiVhiQg Pa\ be aOORZed iQ Whe aUea). IW Pa\ be SRVVibOe WR diffeUeQWiaWe beWZeeQ YeVVeO W\SeV iQ
VXb-PeWeU UeVROXWiRQ iPageU\, deSeQdiQg RQ aQ\ geaU YiVibOe RQ decN RU WUaiOiQg behiQd a YeVVeO.
ThiV becRPeV iQcUeaViQgO\ difficXOW aV UeVROXWiRQ iQcUeaVeV, ZiWh diffeUeQWiaWiRQ OiNeO\ QRW SRVVibOe
XViQg 3-5 P UeVROXWiRQ iPageU\, eYeQ ZiWh YeVVeOV >15 P ORQg.
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ObVeUYed behaYiRXUV VXch aV diUecWiRQ aQd VSeed caQ aOVR heOS WR deWeUPiQe YeVVeO W\Se RU
ZheWheU a YeVVeO iV jXVW SaVViQg WhURXgh aQ aUea RU XQdeUWaNiQg IUU fiVhiQg. FRU e[aPSOe,
WUaZOeUV SXOOiQg QeWV behiQd WheP ZiOO W\SicaOO\ PRYe ZiWh a VWead\ VSeed aQd diUecWiRQ, ZheUeaV
QRQ-WUaZOiQg YeVVeOV OiNe VeiQeUV ZiOO UePaiQ UeOaWiYeO\ VWaWiRQaU\, RU VRPeWiPeV PRYe iQ ciUcOeV
aURXQd a VhRaO Rf fiVh. VeVVeOV jXVW SaVViQg WhURXgh aQ aUea ZRXOd OiNeO\ cUXiVe aW faVWeU VSeedV
WhaQ WhRVe WUaZOiQg.

OQe Za\ Rf deUiYiQg YeVVeO diUecWiRQ aQd VSeed iV b\ XViQg Whe WePSRUaO RffVeW beWZeeQ diffeUeQW
baQdV WaNeQ dXUiQg Whe acTXiViWiRQ Rf RQe PXOWiVSecWUaO RSWicaO iPage. FRU e[aPSOe, WePSRUaO
RffVeWV Rf XS WR 2.6 VecRQdV aUe UecRUded fRU diffeUeQW baQdV Rf SeQWiQeO-2 iPageU\. AV VXch, a
faVW PRYiQg RbjecW OiNe a bRaW RU SOaQe ZiOO be RbVeUYed aW VOighWO\ diffeUeQW SRViWiRQV iQ each
baQd iPage, fURP Zhich diUecWiRQ aQd VSeed caQ be deWeUPiQed. HRZeYeU, iW iV difficXOW WR
deWeUPiQe YeVVeO YeORciW\ ZiWh high accXUac\ dXe WR ORQg ZaNeV fROORZiQg behiQd Whe VhiSV51. A
VWXd\ haV beeQ XQdeUWaNeQ WR eVWiPaWe VhiS aQd aiUcUafW YeORciW\ fURP SeQWiQeO-2 WePSRUaO baQd
diffeUeQceV ZiWh VRPe VXcceVV51, aOWhRXgh PRUe UeVeaUch iQWR Whe iQfOXeQce Rf YeVVeO OeQgWh,
VSeed aQd ZaNe UefOecWiRQV aV ZeOO aV VXUface ZiQdV RQ deWeUPiQiQg YeORciW\ iV QeceVVaU\
befRUe ZideVSUead XVe Rf WhiV PeWhRdRORg\.

A ViQgOe iPage caQ aOVR be XVed WR deWeUPiQe YeVVeO VSeed if KeOYiQ ZaYeV aUe RbVeUYed
behiQd Whe VhiS (e.g., iQ FigXUe 19d), aV KeOYiQ ZaYeOeQgWh iV UeOaWed WR YeORciW\51. KeOYiQ
ZaYeOeQgWh ( ) caQ be eVWiPaWed b\ XQdeUWaNiQg a FRXUieU aQaO\ViV Rf Whe iPage, aQd YeORciW\λ

eVWiPaWed XViQg a ViPSOe eTXaWiRQ51, ZheUe 𝑔 iV Whe gUaYiWaWiRQaO acceOeUaWiRQ aW EaUWh¶V(𝑉)
VXUface (9.8 P/V2):

λ = 2π𝑉2

𝑔

VeVVeO diUecWiRQ aQd VSeed caQ aOVR be eVWiPaWed XViQg iPageV fURP PXOWiSOe VeQVRUV WaNeQ iQ
TXicN VXcceVViRQ ZiWh RYeUOaSSiQg VSaWiaO fRRWSUiQWV.ThiV haV SUeYiRXVO\ beeQ XQdeUWaNeQ ZiWhiQ
Whe gOaciRORg\ cRPPXQiW\ WR eVWiPaWe icebeUg YeORciW\52,53; hRZeYeU, WhiV PeWhRd UeTXiUeV
VigQificaQW aVVXPSWiRQV iQ RbjecW diUecWiRQ aQd VSeed (i.e., aVVXPed OiQeaU PRYePeQW WhURXgh
WiPe), aV aQ\ chaQgeV iQ VSeed RU diUecWiRQ beWZeeQ aQ\ WZR iPageV aUe XQNQRZQ.

OSWicaO VaWeOOiWe iPageU\ caQ aOVR be XVed WR PRQiWRU YeVVeO acWiYiW\ aW Vea dXUiQg Whe QighW, dXe
WR Whe OaUge cRQWUaVW beWZeeQ Whe daUN Vea aQd bUighW OighWV fURP YeVVeOV aW QighW. FRU e[aPSOe,
OighWV aW Vea aUe YiVibOe iQ NASA¶V ViVibOe IQfUaUed IPagiQg RadiRPeWeU SXiWe (VIIRS) QighWWiPe
PRQWhO\ cRPSRViWeV (Vee FigXUe 21). WhiOe Whe VSaWiaO UeVROXWiRQ Rf VIIRS iV RQO\ a450 P,
aSSUR[iPaWe ORcaWiRQV Rf QighW WiPe acWiYiW\ aW Vea aUe VWiOO YiVibOe dXe WR Whe high cRQWUaVW
beWZeeQ VXUface UefOecWiRQV.
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Figure 21. Nighttime monthl\ composites east of Scotland from VIIRS, shoZing bright lights from
cities, on land, and in the sea from Yessels (including shipping) and oil/gas infrastructure.

TabOe 10 beORZ SURYideV deWaiOV Rf high UeVROXWiRQ UadaU aQd RSWicaO VaWeOOiWeV Zhich cRXOd be
XVed fRU YeVVeO WUacNiQg aQd PRQiWRUiQg. TheUe iV Rf cRXUVe a WUade-Rff beWZeeQ VSaWiaO
UeVROXWiRQ, cRVW aQd WePSRUaO fUeTXeQc\ ZheQ XViQg VaWeOOiWe iPageU\ fRU PRQiWRUiQg SXUSRVeV.
The ORZeU eQd Rf Whe high UeVROXWiRQ VaWeOOiWeV OiNe SeQWiQeO-2, POaQeWScRSe aQd RaSidE\e
aXWRPaWicaOO\ cROOecW gORbaO daWa aQd aUe WhXV PRUe cRVW-effecWiYe fRU ORQgeU-WeUP PRQiWRUiQg;
hRZeYeU, VXb-PeWeU VSaWiaO UeVROXWiRQ ZRXOd be QeceVVaU\ fRU PRUe deWaiOed PRQiWRUiQg Rf
fiVhiQg acWiYiWieV (e.g., QXPbeU Rf OiQeV, VafeW\ cRPSOiaQce). WhiOe VXb-PeWeU UeVROXWiRQ
cRPPeUciaO VaWeOOiWeV caQ be WaVNed fRU a VSecific aUea Rf iQWeUeVW, WhiV cRPeV ZiWh a VigQificaQW
iQcUeaVe iQ cRVW aQd ZRXOd be PRUe VXiWabOe fRU iQfUeTXeQW VSRW checNV UaWheU WhaQ ORQg-WeUP
PRQiWRUiQg SURgUaPPeV.

HRZeYeU, eaUWh RbVeUYaWiRQ VaWeOOiWeV SURYide ZideU cRYeUage WhaQ PRQiWRUiQg IUU fiVhiQg fURP
aiUcUafW RU VhiSV, alloZing monitoring oYer a much larger area than preYiousl\ possible. IQ
addiWiRQ, aV SUeYiRXVO\ PeQWiRQed, VaWeOOiWe daWa caQ be XVed WR PRQiWRU YeVVeOV Zhich haYe
WXUQed Rff WheiU AIS RU VMS VigQaOiQg aQd ZRXOd RWheUZiVe be difficXOW WR ORcaWe.
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Table 10. E[amples of high resolution radar and optical satellites for use in Yessel monitoring

Organisation Dataset / Satellites Time period Spatial / temporal resolution

High resolution radar satellites

ESA SeQWiQeO-1A SAR 2015-SUeVeQW 10 P, eYeU\ 6 da\V

SSTL NRYaSAR-1 (MaUiWiPe MRde) 2019-SUeVeQW 30 P, eYeU\ 14 da\V

ICEYE ICEYE SSRWOighW
ICEYE SWUiSPaS 2018-SUeVeQW 0.25 P, aV WaVNed

3 P, aV WaVNed

CaSeOOa SSace
CaSeOOa SSRWOighW
CaSeOOa SOidiQg SSRWOighW
CaSeOOa SWUiSPaS

2019-SUeVeQW
0.50 P, aV WaVNed
0.80 P, aV WaVNed
1.2 P, aV WaVNed

High resolution optical satellites

DigiWaOGORbe GeRE\e-1 SaQchURPaWic
GeRE\e-1 PXOWiVSecWUaO 2009-SUeVeQW 0.50 P, aV WaVNed

a2 P, aV WaVNed

POaQeW LabV POaQeWScRSe & RaSidE\ea

POaQeW SN\SaW 2009-SUeVeQW 3-5 P, daiO\
0.50 P, aV WaVNed

SSRW IPage SPOT-6/7 2012-SUeVeQW 1.5 P, aV WaVNed

CNESa / SSRW IPage POpiadeV 2013-SUeVeQW 0.50 P, aV WaVNed

DigiWaOGORbe WRUOdVieZ-3 2015-SUeVeQW 0.30 P, aV WaVNed

ESA SeQWiQeO-2 2016-SUeVeQW 10 P, eYeU\ 5 da\V
a NaWiRQaO CeQWUe fRU SSace SWXdieV (FUeQch VSace ageQc\)

6.2. MRQiWRUiQg XViQg RadiR-FUeTXeQc\ SaWeOOiWeV
ReceQW adYaQceV haYe beeQ Pade iQ Whe PRQiWRUiQg Rf fiVhiQg YeVVeOV fURP VSace XViQg
UadiR-fUeTXeQc\ (RF) iQWeOOigeQce VaWeOOiWeV. TheVe RF VaWeOOiWeV aUe VPaOO (abRXW Whe Vi]e Rf a
PicURZaYe) aQd fO\ iQ a cOXVWeU, SaVViQg Whe VaPe VSRW RQ Whe EaUWh¶V VXUface VeYeUaO WiPeV a
da\54. The VaWeOOiWe UeceiYeUV caQ SicN XS faiQW VigQaOV fURP UadaU deYiceV, ZaONie-WaONieV aQd
VaWeOOiWe ShRQeV54; aV WheVe aUe XVed fRU QaYigaWiRQ SXUSRVeV aQd cROOiViRQ-aYRidaQce aW Vea
Whe\ aUe XQOiNeO\ WR be VZiWched Rff WR aYRid deWecWiRQ, Zhich iV WUadiWiRQaOO\ dRQe WhURXgh
diVabOiQg YeVVeO AIS RU VMS.

RF iQWeOOigeQce VaWeOOiWeV aUe abOe WR SiQSRiQW a YeVVeO'V ORcaWiRQ ZiWh aQ accXUac\ beWZeeQ 200
WR 3000 P b\ XViQg a WechQiTXe caOOed WUiOaWeUaWiRQ, Whe DRSSOeU effecW RU a cRPbiQaWiRQ Rf Whe
WZR54. TUiOaWeUaWiRQ XVeV Whe diVWaQce Rf Whe UeceiYed UadaU VigQaO WR each VaWeOOiWe iQ Whe cOXVWeU

Space Intelligence Ltd. PriYate limited compan\, registered in Scotland, UK, Compan\ number
SC595836. Registered address: 113 St. John's Road, Edinburgh, EH12 7SB, UK.

43



WR cUeaWe a gURXQd UadiXV iQ Zhich Whe UadaU VRXUce (e.g., YeVVeO) cRXOd be ORcaWed, aV Whe
ORcaWiRQ Rf each VaWeOOiWe iV SUeciVeO\ NQRZQ55. The aUeaV ZheUe aOO SeUceiYed VigQaO gURXQd Uadii
RYeUOaS RU iQWeUVecW VhRZV Whe ORcaWiRQ Rf Whe UeceiYed VigQaO (Vee FigXUe 22a).

Figure 22. Schematic of (a) trilateration and (b) the Doppler effect used to pinpoint a location.

The DRSSOeU effecW iV XVed WR ORcaWe PRYiQg YeVVeOV, UeO\iQg RQ Whe RbVeUYed VhifW iQ Whe
UeceiYed UadaU VigQaO¶V fUeTXeQc\ ZiWh PRYePeQW UeOaWiYe WR Whe VaWeOOiWe UeceiYeUV54. The cORVeU
Whe YeVVeO iV WR Whe VaWeOOiWe UeceiYeU, Whe VPaOOeU Whe UeceiYed ZaYeOeQgWhV aQd Whe higheU Whe
fUeTXeQc\ - Vee FigXUe 22b. AQ RF iQWeOOigeQce VaWeOOiWe RSeUaWRU baVed iQ Whe UQiWed SWaWeV
caOOed HaZNE\e 360 XVeV bRWh WUiOaWeUaWiRQ aQd Whe DRSSOeU effecW WR ORcaWe a YeVVeO ZiWhiQ 500
P Rf iWV WUXe ORcaWiRQ54. FXUWheU adYaQceV haYe beeQ Pade WR decOXVWeU RF iQWeOOigeQce VaWeOOiWeV,
PeaQiQg WhaW a YeVVeO cRXOd be ORcaWed XViQg RQO\ RQe VaWeOOiWe iQVWead Rf a cOXVWeU Rf WhUee.
HRZeYeU, WhiV WechQRORg\, cXUUeQWO\ XVed b\ UQVeeQLabV iQ FUaQce, iV RQO\ abOe WR SiQSRiQW a
YeVVeO¶V ORcaWiRQ ZiWhiQ 5000 P aQd iV cXUUeQWO\ SURWecWed b\ Whe FUeQch VWaWe54.

HaZNE\e 360 haV aOVR UeceQWO\ UeOeaVed aQ RQOiQe cRPPeUciaO SOaWfRUP fRU Whe aQaO\ViV Rf RF
geRVSaWiaO iQWeOOigeQce daWa, caOOed MiVViRQ SSace (Vee FigXUe 23). The SOaWfRUP XVeV AI
aOgRUiWhPV WR aXWRPaWicaOO\ ideQWif\ VSecific YeVVeO behaYiRXU fURP Whe RF daWa, aQd PeUgeV
RWheU iQfRUPaWiRQ iQcOXdiQg YeVVeO ideQWificaWiRQ, hiVWRU\ aQd SaVW VaQcWiRQ YiROaWiRQV56. The
SOaWfRUP aOVR RffeUV a VXbVcUiSWiRQ VeUYice, ZheUe a XVeU caQ VSecif\ aQ aUea Rf iQWeUeVW RU
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YeVVeO behaYiRXU SaWWeUQ, UeceiYiQg aXWRPaWic QRWificaWiRQV ZheQ RF acWiYiW\ aSSeaUV ZiWhiQ Whe
aUea Rf iQWeUeVW. OWheU cRPSaQieV RffeUiQg RF VaWeOOiWe VXUYeiOOaQce Rf YeVVeOV iQcOXde KOeRV
SSace, baVed iQ LX[ePbRXUg, aQd AiUbXV DefeQce aQd SSace.

Figure 23. E[ample of Mission Space platform (a) heat map and (b) Yessel tracking histor\.
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7. Integrated Fisheries S\stems

7.1. FiVheUieV MRQiWRUiQg, CRQWURO aQd SXUYeiOOaQce (MCS) S\VWePV
MRQiWRUiQg, cRQWURO aQd VXUYeiOOaQce (MCS) V\VWePV aiP WR faciOiWaWe cRPSOiaQce ZiWh fiVheUieV
PaQagePeQW PeaVXUeV b\ PRQiWRUiQg fiVheU\ acWiYiW\ WR aid iQ PaQagePeQW deYeORSPeQW aQd
VXUYeiOOaQce WR eQVXUe cRPSOiaQce11. AQ\ MCS V\VWeP haV a YaUieW\ Rf cRPSRQeQWV aQd
PeWhRdV fRU PRQiWRUiQg aQd VXUYeiOOaQce Rf fiVheUieV acWiYiW\, ZiWh PaQ\ cRPbiQiQg PRUe
WUadiWiRQaO PRQiWRUiQg V\VWePV OiNe AIS aQd VMS ZiWh VaWeOOiWe-deUiYed daWa WR cUeaWe a PRUe
cRPSUeheQViYe YeVVeO PRQiWRUiQg V\VWeP. DaWa fURP SaWURO UAVV, aiUcUafW aQd VXUface YeVVeOV
caQ aOVR be iQWegUaWed, aV caQ daWa fURP fORaWiQg bXR\V aQd XQPaQQed XQdeUZaWeU YehicOeV.

FRU e[aPSOe, a SRWeQWiaO ZRUNfORZ fRU deWecWiQg daUN YeVVeOV cRXOd VWaUW b\ XViQg ORZeU
UeVROXWiRQ SAR RU RSWicaO daWa WR ideQWif\ YeVVeOV iQ aQ aUea Rf iQWeUeVW, Zhich cRXOd WheQ be
cRPSaUed agaiQVW S-AIS aQd VMS daWa WR iQYeVWigaWe ZheWheU aQ\ YeVVeOV iQ Whe iPage aUe
XQNQRZQ; afWeU Zhich, YeU\ high UeVROXWiRQ RSWicaO iPageU\ cRXOd be XVed WR ideQWif\ Whe
XQNQRZQ YeVVeO. HRZeYeU, WheUe ZRXOd OiNeO\ be a WiPe deOa\ beWZeeQ ideQWif\iQg aQ XQNQRZQ
YeVVeO aQd UeWUieYiQg higheU UeVROXWiRQ RSWicaO iPageU\ WR cRQfiUP YeVVeO ideQWif\ aQd acWiYiW\, aV
PRVW cRPPeUciaO high UeVROXWiRQ RSWicaO VaWeOOiWeV Qeed WR be WaVNed WR fO\ RYeU aQ aUea; iQ WhiV
WiPe, aQ XQNQRZQ YeVVeO cRXOd PRYe a gUeaW diVWaQce RU chaQge iWV acWiYiW\57. AOWeUQaWiYeO\, aQ
aiUcUafW RU XQPaQQed aeUiaO YehicOe (UAV) fO\RYeU cRXOd be SeUfRUPed iQVWead Rf XViQg YeU\ high
UeVROXWiRQ RSWicaO daWa, Zhich Pa\ be a faVWeU aSSURach.

The EXURSeaQ CRPPiVViRQ¶V JRiQW ReVeaUch CeQWUe (JRC) haV deYeORSed a cRQceSWXaO VeVVeO
DeWecWiRQ S\VWeP aORQg WheVe OiQeV. WiWhiQ Whe SURSRVed V\VWeP, YeVVeOV ZRXOd aXWRPaWicaOO\
be deWecWed XViQg SAR iPageU\ aQd WheQ cURVV-checNed ZiWh AIS aQd VMS SRViWiRQiQg daWa, aV
ZeOO aV YiVXaO iQVSecWiRQ VighWiQgV58. AQ\ PiVPaWched VigQaOV ZRXOd WheQ be UeSRUWed WR Whe
aSSURSUiaWe aXWhRUiWieV fRU iQYeVWigaWiRQ. JRC eVWiPaWed WhaW iW ZRXOd WaNe beWZeeQ 15 aQd 90
PiQXWeV WR UeSRUW aQ XQNQRZQ YeVVeO, Zhich iQcOXdeV Whe VaWeOOiWe iPage deOiYeU\ aQd SURceVViQg
WiPe, aV ZeOO aV aQaO\ViV aQd cRUUeOaWiRQ WiPe58.

The deWecWiRQ V\VWeP ZaV VXcceVVfXOO\ XVed iQ a caPSaigQ WR PRQiWRU bOXefiQ WXQa fiVheUieV iQ
Whe MediWeUUaQeaQ iQ 2007 aQd 2008, ideQWif\iQg iQWeUeVWiQg acWiYiWieV VXch aV YeVVeOV WRZiQg
WXQa cageV, Whe SRVVibOe WUaQVfeU Rf WXQa fURP YeVVeOV iQWR Vea faUP cageV aQd gURXS YeVVeO
fiVhiQg acWiYiW\ iQ QeaU-UeaO WiPe58. FigXUe 24 VhRZV e[aPSOe SAR aQd RSWicaO iPageU\ fURP Whe
caPSaigQ.

FiVheUieV aQd OceaQ CaQada haYe deYeORSed a SaOPRQ OceaQ SXUYeiOOaQce IQfRUPaWiRQ
S\VWeP (SALOSIS), Zhich XVeV VaWeOOiWe daWa aQd hiVWRUicaO NQRZOedge WR defiQe RceaQ VaOPRQ
habiWaW iQ RUdeU WR WaUgeW PRQiWRUiQg iQ aUeaV ZheUe iOOegaO VaOPRQ fiVhiQg iV OiNeO\ WR RccXU59. The
V\VWeP heOSV WR ideQWif\ Pacific VaOPRQ diVWUibXWiRQ iQ UeOaWiRQ WR RceaQ cRQdiWiRQV aW aQd beORZ
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Whe VXUface, UeO\iQg PRVWO\ RQ Whe UeOaWiRQVhiS beWZeeQ OaWiWXde, Vea VXUface aQd Pi[ed Oa\eU
WePSeUaWXUe59. SXggeVWed fXWXUe ZRUN ZRXOd aOVR iQcOXde iQfRUPaWiRQ RQ fiVheUieV abXQdaQce iQ
addiWiRQ WR Whe ORcaWiRQ iQfRUPaWiRQ, aOORZiQg fRU Pa[iPXP beQefiWV fURP VXUYeiOOaQce effRUWV.

Figure 24. Sample imager\ from JRC Yessel detection campaign: (a) Yessel Zith toZed tuna cages
identified in SAR image, and Yessel confirmed in (b) optical image and (c) aerial photo.

7.2. IQWegUaWed FiVheUieV MaQagePeQW S\VWePV
ESA Feasibilit\ Studies: i-Fish North Sea and FISHSAT
ESA VSeaUheaded WZR feaVibiOiW\ VWXdieV fRU iQWegUaWed fiVheUieV PaQagePeQW V\VWePV beWZeeQ
2011 aQd 2013: i-FiVh NRUWh Sea aQd FISHSAT. CRPSOeWed iQ Ma\ 2013, i-FiVh NRUWh Sea aiPed
WR deYeORS a V\VWeP fRU SURYidiQg iQWegUaWed VROXWiRQV aQd aVVRciaWed VeUYiceV WR eQhaQce
VXVWaiQabiOiW\ Rf fiVheUieV UeVRXUceV60. The SURjecW WaUgeWed YaUiRXV VWaNehROdeUV aQd SRWeQWiaO
V\VWeP eQd-XVeUV, iQcOXdiQg: fiVhiQg aXWhRUiWieV aQd cRPSOiaQce ageQcieV (e.g., MaUiQe
ScRWOaQd); fiVheU\ RUgaQiVaWiRQV; fiVheUV; aXcWiRQ hRXVeV aQd fiVh PaUNeWV; fRRd SURceVVRUV; aQd
ZhROeVaOeUV aQd UeVWaXUaQWV.

The RYeUaOO cRQceSW Rf i-FiVh NRUWh Sea ZaV baVed RQ a ceQWUaO PeVVage hXb WhaW cRXOd be
acceVVed b\ aOO UeOeYaQW VWaNehROdeUV, fRU Whe VhaUiQg Rf iQfRUPaWiRQ aQd daWa Yia VhiS-WR-VhRUe
RU VhiS-WR-VaWeOOiWe cRPPXQicaWiRQ OiQNV (e.g., S-AIS aQd VMS),60 Vee FigXUe 25. FRU e[aPSOe,
fiVheUV cRXOd VeOO WheiU caWch befRUe aUUiYiQg aW SRUW Yia a YiUWXaO fiVh PaUNeW; RU QeaU-UeaO WiPe
XSdaWiQg Rf fOeeW SRViWiRQ aQd caWch cRXOd be XVed fRU SURdXcW WUaceabiOiW\ aQd PaQagePeQW, aQd
caWch aQaO\ViV VXSSRUW60. IQ WhiV Za\, SURceVVeV acURVV Whe YaOXe chaiQ caQ be RSWiPiVed,
OeadiQg WR UedXced ZaVWe aQd eQYiURQPeQWaO iPSacW, aV ZeOO aV cRVW UedXcWiRQ aQd a PRUe
baOaQced VXSSO\ aQd dePaQd60.

FISHSAT aiPed WR SURYide aQ iQWegUaWed VaWeOOiWe VeUYice fRU fiVhiQg VXSSRUW aQd VafeW\,
deYeORSiQg a V\VWeP WhaW ZRXOd XVe VaWeOOiWe-deUiYed daWa (e.g., PeWeRURORgicaO iQfRUPaWiRQ, Vea
VXUface SaUaPeWeUV) aQd cRPPXQicaWiRQ OiQNV WR iPSURYe Whe cROOabRUaWiRQ beWZeeQ fiVheUV,
PaUNeWV aQd UegXOaWRU\ aXWhRUiWieV61. The SURjecW WaUgeWed WZR PaiQ VWaNehROdeUV: fiVheUieV aQd
Whe Vea aXWhRUiWieV ZhR eQfRUce UegXOaWiRQV (e.g., Whe NaWiRQaO FedeUaWiRQ Rf FiVheUPeQ¶V
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OUgaQiVaWiRQV), ZiWh iQWeQded beQefiWV Rf iQcUeaViQg fiVhiQg efficieQc\, faiU cRPSeWiWiRQ aQd
UeOiabOe VWRcN eVWiPaWiRQ aQd TXRWa VeWWiQg fRU fiVheUV; WUaceabiOiW\ aQd VWUeQgWheQiQg
eQfRUcePeQW ZeUe ideQWified beQefiWV fRU UegXOaWRU\ aXWhRUiWieV.

The iQcOXViRQ Rf VaWeOOiWe-deUiYed eQYiURQPeQWaO aQd biRORgicaO SaUaPeWeUV ZiWh Whe V\VWeP, VXch
aV Vea VXUface WePSeUaWXUe aQd Sh\WRSOaQNWRQ cRQceQWUaWiRQV, cRXOd be XVed b\ fiVheUV WR
SUedicW Whe OiNeOihRRd Rf fiVh SUeVeQce, ZiWh PRUe SURdXcWiYe ]RQeV ideQWified WR UedXce fiVhiQg
effRUW61. LRcaWiRQ-baVed iQfRUPaWiRQ caQ be XVed fRU SURdXcW WUaceabiOiW\, SURYidiQg accRXQWabiOiW\
fRU Whe VXVWaiQabiOiW\ Rf each caWch, aV ZeOO aV fRU Whe ideQWificaWiRQ Rf iOOegaO fiVhiQg SUacWiceV.
The FISHSAT V\VWeP ZRXOd be deVigQed WR aXWRPaWicaOO\ aOeUW UegXOaWRU\ aXWhRUiWieV ZheQ a
YeVVeO eQWeUed a fRUbiddeQ fiVhiQg aUea, aOORZiQg fRU Whe UaSid OaXQchiQg Rf aQ iQYeVWigaWiRQ fURP
cRaVW gXaUd YeVVeOV61.

Figure 25. Conceptual diagram of i-Fish North Sea central hub s\stem

Electronic Catch Documentation and Traceabilit\ (eCDT) S\stem
CaWch dRcXPeQWaWiRQ aQd WUaceabiOiW\ aUe iPSRUWaQW SaUWV Rf fiVheUieV PaQagePeQW, aOORZiQg
caWch WR be YeUified aQd WUaced aV iW PRYeV WhURXgh Whe VXSSO\ chaiQ fURP SRiQW-Rf-caWch WR
e[SRUW62. TUadiWiRQaOO\, fiVheUV UeSRUW aW-Vea caSWXUe iQfRUPaWiRQ Yia a SaSeU ORgbRRN, Zhich iV
WXUQed iQWR a caWch ceUWificaWe aW SRUW aQd SaVVed aORQg WR Whe bX\eU, VhiSSeU aQd SURceVVRU b\
baWch ID aQd a fiQaO ceUWificaWe Rf RUigiQ62. AQ eOecWURQic caWch dRcXPeQWaWiRQ aQd WUaceabiOiW\
(eCDT) V\VWeP cRXOd iQVWead XVe PRbiOe deYiceV WR UecRUd aW-Vea caSWXUe iQfRUPaWiRQ,
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WUaQVPiWWiQg iQfRUPaWiRQ Yia ceOO RU VaWeOOiWe cRPPXQicaWiRQ, afWeU Zhich daWa cRXOd be VWRUed RQ
Whe cORXd aQd acceVVed b\ YaUiRXV XVeUV aORQg Whe VXSSO\ chaiQ62, SURYidiQg iQcUeaVed
WUaQVSaUeQc\ aQd WUaceabiOiW\.

FigXUe 26 SURYideV aQ e[aPSOe eCDT V\VWeP iQfUaVWUXcWXUe, deYeORSed b\ Whe OceaQV aQd
FiVheUieV PaUWQeUVhiS beWZeeQ USAID aQd SEAFDEC (SRXWheaVW AViaQ FiVheUieV DeYeORSPeQW
CeQWeU) WR heOS UegXOaWe iOOegaO, XQUeSRUWed aQd XQUegXOaWed fiVhiQg. AQ eCDT V\VWeP ZRXOd
aOORZ UegXOaWRUV aQd cRQVXPeUV WR eQVXUe a caWch haV beeQ OegaOO\ caXghW aQd SURSeUO\
OabeOOed, aV ZeOO aV cRPSO\iQg ZiWh iQWeUQaWiRQaO UegXOaWiRQV62. SeWWiQg XS aQ eCDT V\VWeP
UeTXiUeV aQ iPPeQVe aPRXQW Rf effRUW aQd cRRSeUaWiRQ fURP aOO SaUWieV aORQg Whe VeafRRd VXSSO\
chaiQ; hRZeYeU, RQce RSeUaWiRQaO, Whe V\VWeP ZRXOd eQhaQce fiVheUieV PaQagePeQW aQd
SURYide beQefiW WR PaQ\.

Figure 26. Conceptual eCDT s\stem infrastructure (Modified from Ref 11).

Digitalised Fisheries Management Case Stud\: Iceland
IceOaQd¶V fiVhiQg iQdXVWU\ haV becRPe iQcUeaViQgO\ digiWaOiVed, ZiWh a VhaUed digiWaO iQfRUPaWiRQ
V\VWeP WhaW SURYideV UeaO-WiPe iQfRUPaWiRQ fRU aOO VWaNehROdeUV - iQcOXdiQg fiVheUV, VcieQWiVWV,
PaQagePeQW aXWhRUiWieV (i.e., UegXOaWRUV) aQd iQWeUeVWed bX\eUV63. CROOabRUaWiRQ beWZeeQ fiVheUV
aQd VcieQWiVWV aW Whe MaUiQe ReVeaUch IQVWiWXWe aOORZV fRU UeOiabOe, XSdaWed fiVh VWRcN
aVVeVVPeQWV, ZiWh VSecieV daWa cROOecWed \eaU-ORQg WR deWeUPiQe if fiVhiQg TXRWa VhRXOd be
PaiQWaiQed, UedXced RU iQcUeaVed. MRQiWRUiQg iV SeUfRUPed RQ-bRaUd aV ZeOO aV XSRQ OaQdiQg,
ZheUe caWch iV Zeighed aQd UecRUded iQ a ceQWUaO daWabaVe64. IQfRUPaWiRQ iV XSdaWed RQOiQe RQ a
daiO\ baViV (i.e., aOO caWcheV fURP aOO YeVVeOV aQd TXRWa VWaWXV, XSdaWed Whe da\ afWeU Whe\ aUe
OaQded), aQd iV fUeeO\ aYaiOabOe RQOiQe fRU YieZiQg b\ aQ\RQe RQ Whe DiUecWRUaWe Rf FiVheUieV
ZebSage (hWWS://ZZZ.fiVNiVWRfa.iV/eQgOiVh/TXRWaV-aQd-caWcheV/).
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7.3. PUedicWed FiVheUieV HabiWaW MaSV
The ORcaWiRQV Rf SUiPe habiWaW fRU SaUWicXOaU fiVh aUe PRVW cRPPRQO\ SUedicWed XViQg Vea VXUface
WePSeUaWXUe aQd chORURSh\OO-a cRQceQWUaWiRQ65, Zhich caQ bRWh be XVed WR heOS e[SOaiQ fiVh
SUeVeQce aQd abXQdaQce. PUedicWed fiVh habiWaW caQ be XVed b\ fiVheUV fRU YaUiRXV SXUSRVeV, fRU
e[aPSOe WR fiQd beWWeU fiVhiQg aUeaV fRU UedXced caWch effRUW aQd iQcUeaVed efficieQc\. OQ Whe
RWheU haQd, SUedicWed fiVh aUeaV caQ aOVR be XVed WR aYRid habiWaWV Rf SURWecWed RU chRNe
VSecieV iQ aQ effRUW WR UedXce b\caWch.

S\stems for Reducing Catch Effort & Increased Efficienc\
TheUe aUe VeYeUaO e[iVWiQg cRPPeUciaO V\VWePV Zhich caQ be XVed WR SUedicW fiVh SUeVeQce,
iQcOXdiQg CATSAT aQd Whe Ma]X SSRUWFiVhiQg aSS. CATSAT iV a cRPPeUciaO V\VWeP ZiWh
EXURSeaQ headTXaUWeUV baVed iQ FUaQce (caWVaW.cRP). The CATSAT V\VWeP aiPV WR SURYide
fiVheUV ZiWh accXUaWe, QeaU UeaO-WiPe RceaQRgUaShic daWa aQd PaUiQe ZeaWheU iQfRUPaWiRQ WR
VXSSRUW VPaUWeU, VafeU aQd faVWeU fiVhiQg66. The V\VWeP iQWegUaWeV VaWeOOiWe-deUiYed daWa RQ
VXUface cXUUeQWV, RbVeUYed Vea VXUface aQd PRdeOOed VXbVXUface WePSeUaWXUeV, VaOiQiW\, RceaQ
cRORXU, PaUiQe PeWeRURORg\ daWa aQd PRUe, aOO Rf Zhich caQ be acceVVed diUecWO\ fURP a fiVhiQg
YeVVeO. B\ ideQWif\iQg faYRXUabOe aUeaV, fiVhiQg WUiSV caQ be PRUe efficieQW, VaYiQg WiPe aQd
PRQe\ aV ZeOO aV UedXciQg Whe caUbRQ fRRWSUiQW Rf each WUiS.

The Ma]X SSRUWFiVhiQg iPad (RU iPhRQe) aSS (hWWSV://ZZZ.Pa]X-PaUiQe.cRP/VSRUWfiVhiQg/)
SURYideV TXicN dRZQORadV aQd RYeUOa\ PaSV Rf YaUiRXV VaWeOOiWe-deUiYed daWaVeWV, iQcOXdiQg
WZice daiO\ PaSV Rf Vea VXUface WePSeUaWXUe iQ eiWheU 30 RU 60 QaXWicaO PiOe VecWiRQV, daiO\
chORURSh\OO-a cRQceQWUaWiRQ chaUWV aQd aOWiPeWU\ daWa13. WeaWheU iQfRUPaWiRQ iV aOVR aYaiOabOe, aV
ZeOO aV a chaW V\VWeP aQd Whe abiOiW\ WR VhaUe \RXU YeVVeO SRViWiRQ ZiWh fUieQdV. The aSS aiPV WR
heOS fiVheUV ORcaWe RSWiPaO fiVhiQg ]RQeV, WR VaYe WheP WiPe, PRQe\ aQd fXeO RQ each fiVhiQg WUiS.
FigXUe 27 VhRZV a feZ VaPSOe VcUeeQVhRWV Rf iQfRUPaWiRQ SURYided b\ Whe aSS aORQg Whe
VRXWheaVW cRaVW Rf Whe UQiWed SWaWeV.

WhiOe WheVe cRPPeUciaO aSSV aUe ceUWaiQO\ XVefXO fRU fiVheUV, VXbVcUiSWiRQV aUe RfWeQ e[SeQViYe
aQd PaQ\ RQO\ SURYide PaSSiQg RYeU VSecific cRaVWaO UegiRQV. IW¶V SRVVibOe WhaW a OeVV e[SeQViYe
V\VWeP fRU diVSOa\iQg daiO\ Vea VXUface WePSeUaWXUe cRXOd be Pade aYaiOabOe WR ScRWWiVh
fiVheUPaQ, eiWheU WhURXgh FIS RU YaUiRXV gRYeUQPeQW VXbVidieV.

SXVTXQTech, aQRWheU SURjecW UeceQWO\ fXQded b\ Whe EU¶V HRUi]RQ 2020 UeVeaUch aQd iQQRYaWiRQ
SURgUaPPe, aiPV WR UedXce WXQa fiVhiQg YeVVeO ePiVViRQV aQd fXeO cRQVXPSWiRQ b\ 25%67. The
SURjecW XVeV VaWeOOiWe daWa aQd PachiQe OeaUQiQg, aORQg ZiWh adYaQced YeVVeO PRQiWRUiQg WR
iPSURYe Whe deWecWiRQ Rf WXQa fiVheUieV, UedXciQg YeVVeO WiPe aW Vea WR VaYe fXeO aQd UedXce
ePiVViRQV67. IQ UeWXUQ, WZR WXQa fiVhiQg YeVVeOV ZiOO be cROOecWiQg YaOXabOe YaOidaWiRQ daWa fRU Whe
CRSeUQicXV VaWeOOiWe SURgUaPPe. OQe Rf Whe e[SecWed SURjecW UeVXOWV ZiOO be a cRPPeUciaO
V\VWeP caOOed MaUiQeVieZ, Zhich ZiOO aOORZ aOO W\SeV Rf fiVhiQg YeVVeOV (aQd SRWeQWiaOO\ Whe
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VhiSSiQg iQdXVWU\) WR iPSURYe RSeUaWiRQV aQd fXeO efficieQc\. FigXUe 28 VhRZV a fORZ chaUW Rf Whe
SURjecW aQd e[SecWed RXWcRPeV.

Figure 27. Screenshots from Ma]u SportFishing app shoZing sea surface temperature and
chloroph\ll concentration along the southeast coast of the United States.

Figure 28. SusTunTech project and e[pected outcomes.
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FiVheUieV aQd OceaQV CaQada haV deYeORSed RSeUaWiRQaO VaOPRQ PigUaWiRQ WiPiQg fRUecaVWV,
XViQg VaWeOOiWe-deUiYed daWa iQ cRPbiQaWiRQ ZiWh aQ RceaQ ciUcXOaWiRQ PRdeO59. SSecificaOO\, Whe
V\VWeP XVeV PaSV Rf Vea VXUface WePSeUaWXUe aORQg ZiWh RceaQ cXUUeQW PRdeOOiQg ZiWhiQ Whe
GXOf Rf AOaVNa WR fRUecaVW ZheQ YaUiRXV VWRcNV Rf FUaVeU RiYeU VRcNe\e VaOPRQ ZiOO aUUiYe iQ Whe
Pacific OceaQ, aV ZeOO aV WR fRUecaVW Whe SeUceQWage Rf VaOPRQ WhaW ZiOO PigUaWe aORQg Whe eaVW
aQd ZeVW cRaVWV Rf VaQcRXYeU IVOaQd59. A ViPiOaU fRUecaVWiQg V\VWeP cRXOd be deYeORSed fRU
fiVheUieV VSecific WR ScRWOaQd, fRU e[aPSOe, fRUecaVWiQg Whe PigUaWRU\ URXWe Rf PacNeUeO.

Tools for Reducing B\catch
AV ZeOO aV beiQg XVefXO fRU WaUgeWed, PRUe efficieQW fiVhiQg, SUedicWed habiWaW PaSV caQ aOVR be
XVed WR aYRid fiVhiQg ZiWhiQ Whe SUefeUUed habiWaWV Rf SURWecWed RU chRNe VSecieV, effecWiYeO\
UedXciQg b\caWch. TXUWOeWaWch iV a gUeaW e[aPSOe Rf a b\caWch UedXcWiRQ WRRO, deYeORSed b\ Whe
Pacific IVOaQdV FiVheUieV ScieQce CeQWeU iQ HaZaii. TXUWOeWaWch ZaV deYeORSed WR heOS UedXce
Whe QXPbeU Rf ORggeUhead Vea WXUWOeV iQadYeUWeQWO\ caXghW b\ ORQgOiQe fiVhiQg YeVVeOV aURXQd
HaZaii68. DaiO\ PaSV Rf ORggeUhead WXUWOe WheUPaO habiWaW aUe SXbOiVhed Yia NOAA, baVed RQ
VaWeOOiWe-deUiYed Vea VXUface WePSeUaWXUe, hiVWRUicaO fiVheUieV daWa (e.g., UecRUded iQfRUPaWiRQ RQ
WXUWOe aQd YeVVeO iQWeUacWiRQV iQ Whe SaVW) aQd WXUWOe WUacNiQg daWa. IQ RUdeU WR aYRid caWchiQg
ORggeUhead WXUWOeV, fiVheUV aUe adYiVed WR checN WheVe daiO\ PaSV befRUe headiQg RXW WR Vea,
aQd WR SOaQ WheiU fiVhiQg URXWeV RXWVide Rf Whe ideQWified habiWaW aUeaV. A ViPiOaU WRRO cRXOd be
deYeORSed fRU ScRWWiVh fiVheUieV iQ RUdeU WR aYRid SURWecWed fiVh VSecieV aQd WR UedXce b\caWch.

A SiORW WRRO caOOed BATPaS (B\-caWch AYRidaQce TRRO, hWWSV://iQfR.baWPaS.cR.XN/) haV UeceQWO\
beeQ WUiaOed ZiWh RQe fOeeW RQ Whe ZeVW cRaVW Rf ScRWOaQd WR heOS fiVheUV aYRid high caWcheV Rf
SURWecWed RU chRNe VSecieV. BATPaS UeOieV RQ fiVheUV VhaUiQg UeaO-WiPe ORcaWiRQ iQfRUPaWiRQ fRU
hRWVSRWV Rf WheVe VSecieV (e.g., cRd, ZhiWiQg aQd VSXUdRg) ZiWh RWheU QeaUb\ fiVheUV Yia aQ
RQOiQe aSS69. ThURXgh Whe aSS, fiVheUV UeceiYe aOeUWV RQ a PaS VhRZiQg Whe WiPe aQd ORcaWiRQ Rf
b\caWch fURP RWheU fiVheU¶V UeSRUWed haXOV, VR WhaW Whe\ caQ aYRid WheVe aUeaV.

WhiOe BATPaS UeOieV VROeO\ RQ ZRUd Rf PRXWh fRU ideQWif\iQg hRWVSRWV Rf SURWecWed VSecieV, WhiV
iQfRUPaWiRQ cRXOd be XVed aORQgVide VaWeOOiWe daWa WR SUedicW hRWVSRWV befRUe Whe\¶Ue UeSRUWed b\
fiVheUV. AV ZiWh Whe TXUWOeWaWch WRRO, SUedicWed hRWVSRWV ZRXOd be baVed RQ a deUiYed
UeOaWiRQVhiS beWZeeQ RceaQ SURSeUWieV aQd SUefeUUed VSecieV habiWaW, aV ZeOO aV XViQg hiVWRUicaO
aQd cXUUeQW caWch UecRUdV fURP ZiWhiQ Whe ScRWWiVh fiVhiQg iQdXVWU\ aQd e[SeUW NQRZOedge.
MachiQe OeaUQiQg cRXOd be aSSOied WR hiVWRUicaO caWch daWa, aORQgVide ZeaWheU daWa aQd PaSV Rf
RceaQic SaUaPeWeUV fURP Whe VaPe WiPe SeUiRdV, WR SURdXce PaSV Rf VSecieV habiWaW. TheVe
habiWaW PaSV cRXOd be XVed WR aYRid SURWecWed VSecieV, RU WR XQdeUWaNe PRUe efficieQW fiVhiQg fRU
aOORcaWed cRPPeUciaO VSecieV. HRZeYeU, VXch daWa OiNeO\ dReV QRW e[iVW fRU ScRWWiVh fiVhiQg
YeVVeOV iQ ScRWWiVh ZaWeUV. TheUe aUe daWa aYaiOabOe RQ Whe ORcaWiRQ Rf YeVVeOV WhURXgh WiPe,
Zhich ZRXOd VhRZ ZheUe fiVhiQg WaNeV SOace, bXW Ze ZeUe QRW abOe WR diVcRYeU aQ\ gRRd
daWaVeWV RQ ZheUe SaUWicXOaU VSecieV ZeUe caXghW. PRWeQWiaOO\ WheUefRUe WR deYeORS VXch a WRRO, a
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QeZ daWa cROOecWiRQ dUiYe iQYROYiQg Whe ZiOOiQg SaUWiciSaWiRQ Rf fiVheUV iQ ScRWOaQd ZRXOd be
QeceVVaU\.

8. Impact of Climate Change
COiPaWe chaQge iV cRQVideUed OiNeO\ WR haYe a VigQificaQW iPSacW RQ PaUiQe biRdiYeUViW\ aQd
fiVheUieV SURdXcWiYiW\ WhURXgh chaQgeV iQ RceaQ cRQdiWiRQV, VXch aV Vea WePSeUaWXUe, RceaQ
ciUcXOaWiRQ aQd cRaVWaO XSZeOOiQg70. TheVe chaQgeV ZiOO iPSacW OeYeOV Rf SUiPaU\ SURdXcWiYiW\,
Zhich haV a OaUge iQfOXeQce RQ VSecieV diVWUibXWiRQ aQd SURdXcWiYiW\, ZiWh fiVh aQd RWheU PaUiQe
RUgaQiVPV VhifWiQg WheiU diVWUibXWiRQV accRUdiQgO\.

IPSacWV aOUead\ RbVeUYed iQ UK fiVhiQg ZaWeUV dXe WR cOiPaWe chaQge iQcOXde diVWUibXWiRQaO
VhifWV iQ cRPPeUciaO fiVh VSecieV OiNe Whe AWOaQWic bOXefiQ WXQa, cRd, PacNeUeO aQd heUUiQg71. WhiOe
WheUe aUe Rf cRXUVe VeYeUaO XQdeUO\iQg facWRUV (e.g., fiVhiQg SUeVVXUe, habiWaW PRdificaWiRQ),
ZaUPeU Vea VXUface WePSeUaWXUeV aUe cRQVideUed WR be RQe Rf Whe PaiQ dUiYeUV Rf chaQgeV iQ
fiVheUieV diVWUibXWiRQ70,71 (Vee TabOe 11). SPaOOeU bRd\ Vi]eV Rf cRPPeUciaO fiVh VSecieV iQ Whe
NRUWh Sea haYe aOVR beeQ RbVeUYed, PRVW OiNeO\ dXe WR ZaUPeU Vea VXUface WePSeUaWXUeV,
Zhich decUeaVeV aeURbic caSaciW\ aQd OeadV WR Whe UiVN Rf R[\geQ deSUiYaWiRQ72. IQ addiWiRQ,
chaQgeV iQ fiVh VSecieV VSaZQiQg aQd PigUaWRU\ SaWWeUQV haYe aOVR beeQ aWWUibXWed WR ZaUPeU
Vea VXUface WePSeUaWXUeV, fRU e[aPSOe Whe RbVeUYed eaUOieU SeaN Rf Whe AWOaQWic cRd VSaZQiQg iQ
Whe NRUWh aQd IUiVh SeaV73.

SaWeOOiWe daWa caQ be cRPbiQed ZiWh cRPSOe[ QXPeUicaO RceaQ PRdeOV aQd e[SeUW ecRORgicaO
NQRZOedge WR heOS SUedicW Whe effecWV Rf cOiPaWe chaQge RQ PaUiQe biRdiYeUViW\ aQd fXWXUe
fiVheUieV caWch SRWeQWiaO. FRU e[aPSOe, a SURjecW fURP Whe UQiYeUViW\ Rf BUiWiVh CROXPbia caOOed
Sea AURXQd UV SURjecWed chaQgeV iQ gORbaO caWch SRWeQWiaO fRU RYeU 1000 VSecieV Rf e[SORiWed
PaUiQe fiVh, XViQg IPCC cOiPaWe chaQge VceQaUiRV fURP 2005 WR 205570. ReVXOWV fURP Whe VWXd\
VhRZ a OaUge-VcaOe UediVWUibXWiRQ Rf gORbaO caWch SRWeQWiaO, iQcOXdiQg aQ aYeUage decUeaVe iQ
caWch SRWeQWiaO Rf XS WR 40% iQ Whe WURSicV aORQgVide aQ iQcUeaVe beWZeeQ 30-70% iQ
high-OaWiWXde UegiRQV70. SWXdieV OiNe Whe Sea AURXQd UV SURjecW caQ be XVed WR heOS iPSOePeQW
adaSWiYe fiVheUieV PaQagePeQW SOaQV WhaW aUe UeVSRQViYe WR WheVe SUedicWed chaQgeV iQ VSaWiaO
diVWUibXWiRQ aQd fiVheUieV SURdXcWiYiW\.

ShRUW-WeUP fRUecaVWV fRU fiVh VSaZQiQg diVWUibXWiRQV aQd feediQg habiWaWV aURXQd Whe UK haYe
SUeYiRXVO\ beeQ iVVXed fRU bOXe ZhiWiQg aQd bOXefiQ WXQa, UeVSecWiYeO\. FigXUe 29 VhRZV Whe bOXe
ZhiWiQg VSaZQiQg habiWaW fRUecaVW fRU MaUch 2021, iVVXed iQ JaQXaU\ 2021 b\ Whe DaQiVh
IQVWiWXWe Rf ATXaWic ReVRXUceV (DTU ATXa). The fRUecaVW iV baVed RQ aQ ecRORgicaO Qiche PRdeO
Rf bOXe ZhiWiQg OaUYae diVWUibXWiRQV, aQd UeTXiUeV iQSXW daWaVeWV Rf RceaQRgUaShic SURfiOeV,
baWh\PeWU\ aQd VaOiQiW\, Whe OaWWeU Rf Zhich haV a OaUge cRQWURO RYeU Whe VSaZQiQg diVWUibXWiRQ74.
BRWh iQ-ViWX aQd UePRWe VeQViQg RbVeUYaWiRQV Rf VaOiQiW\ ZeUe XVed ZiWhiQ Whe PRdeO.
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Table 11. E[ample UK fisheries impacted b\ climate change and potential driYers of change

Fish species ObserYed change Potential driYer

AWOaQWic PacNeUeO ChaQge iQ diVWUibXWiRQ (VhifW
ZeVWZaUd aQd QRUWh-ZeVWZaUd
ViQce Pid-2000V); chaQgeV iQ fiVh
TXRWa aOORcaWiRQ

WaUPeU Vea VXUface WePSeUaWXUeV;
chaQgeV iQ fRRd aYaiOabiOiW\;
deQViW\-deSeQdeQW e[SaQViRQ Rf VWRcN

AWOaQWic bOXefiQ WXQa ChaQge iQ diVWUibXWiRQ (iQcUeaVed
fUeTXeQc\ iQ UK fiVhiQg ZaWeUV)

WaUPeU Vea VXUface WePSeUaWXUeV;
UeVSRQVe WR e[SaQViRQ Rf PacNeUeO (SUe\)

AWOaQWic cRd
aQd VROe

ChaQgeV iQ WiPiQg Rf VSaZQiQg aQd
PigUaWiRQ (VSaZQiQg iQ NRUWh Sea
aQd IUiVh Sea eaUOieU iQ Whe \eaU);
chaQgeV iQ VWRcN UecUXiWPeQW

WaUPeU Vea VXUface WePSeUaWXUeV;
chaQgeV iQ RceaQ VaOiQiW\; chaQgeV iQ
diVWUibXWiRQ Rf Sh\WR- aQd ]RRSOaQNWRQ

POaice (fOaW fiVh) aQd
heUUiQg

ChaQgeV iQ VWRcN UecUXiWPeQW;
VPaOOeU bRd\ Vi]e

WaUPeU Vea VXUface WePSeUaWXUeV;
chaQgeV iQ RceaQ VaOiQiW\; chaQgeV iQ
diVWUibXWiRQ Rf Sh\WR- aQd ]RRSOaQNWRQ

HaddRcN, ZhiWiQg,
NRUZa\ SRXW, VROe aQd
VSUaW

SPaOOeU bRd\ Vi]e WaUPeU Vea VXUface WePSeUaWXUeV
(OeadiQg WR OacN Rf R[\geQ)

CeShaORSRdV (VTXid,
cXWWOefiVh aQd RcWRSXV)

ChaQge iQ diVWUibXWiRQ (iQcUeaVed
fUeTXeQc\ iQ UK ZaWeUV)

WaUPeU Vea VXUface WePSeUaWXUeV

AW SUeVeQW, PRVW fiVheUieV TXRWaV aUe baVed RQ hiVWRUicaO fiVhiQg SaWWeUQV aQd aOORcaWiRQV75.
HRZeYeU, aV PaQ\ fiVheUieV haYe e[SeUieQced chaQgeV iQ VSaZQiQg aQd PigUaWRU\ SaWWeUQV,
WheVe hiVWRUicaO SaWWeUQV aQd aOORcaWiRQV aUe RfWeQ QR ORQgeU accXUaWe RU YaOid. MRQiWRUiQg aQd
fRUecaVWiQg VhifWV iQ fiVheUieV diVWUibXWiRQ dXe WR cOiPaWe chaQge aQd RWheU facWRUV iV WheUefRUe
cUXciaO fRU adaSWiYe PaQagePeQW SXUSRVeV, aOORZiQg gRYeUQPeQWaO aQd UegXOaWRU\ bRdieV WR VeW
fOe[ibOe TXRWaV baVed RQ Whe PRVW XS-WR-daWe iQfRUPaWiRQ RQ Whe cXUUeQW aQd aQWiciSaWed fXWXUe
diVWUibXWiRQ.
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Figure 29. Blue Zhiting spaZning habitat forecast for March 2021
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9. Summar\ and Recommendations
ThiV UeSRUW SURYideV aQ RYeUYieZ Rf VaWeOOiWe WechQRORg\ RSSRUWXQiWieV fRU Whe ScRWWiVh fiVhiQg
iQdXVWU\, cRQVideUiQg WechQRORgieV Zhich ZRXOd be XVefXO fRU a UaQge Rf iQdXVWU\ VWaNehROdeUV,
iQcOXdiQg fiVheUV, SROic\ PaNeUV aQd UegXOaWRUV, aQd PaUNeWV aQd bX\eUV.

BRWh eaUWh RbVeUYaWiRQ aQd cRPPXQicaWiRQV VaWeOOiWeV aUe e[SORUed, ZiWh Whe fRUPeU SURYidiQg
QeaU-UeaO WiPe iQfRUPaWiRQ abRXW Whe PaUiQe eQYiURQPeQW VXch aV Vea VXUface WePSeUaWXUe,
VaOiQiW\, Sh\WRSOaQNWRQ cRQceQWUaWiRQ, baWh\PeWU\ aQd ZiQd aQd VXUface URXghQeVV. MaQ\ Rf
WheVe eQYiURQPeQWaO SaUaPeWeUV iQfOXeQce ZheUe a SaUWicXOaU fiVh VSecieV caQ UeSURdXce aQd
OiYe, ZiWh Vea VXUface WePSeUaWXUe, Sh\WRSOaQNWRQ cRQceQWUaWiRQ aQd VaOiQiW\ SaUWicXOaUO\
iPSRUWaQW facWRUV fRU SUedicWiQg fiVheUieV habiWaW. TheVe SaUaPeWeUV aUe PeaVXUed fURP VSace RQ
a daiO\ RU QeaU-daiO\ baViV gORbaOO\ ZiWh VSaWiaO UeVROXWiRQV UaQgiQg fURP 300 P WR 40 NP. FiQeU
VSaWiaO UeVROXWiRQ daWa iV aOVR aYaiOabOe, ZiWh UeYiViW WiPe UedXced WR beWZeeQ 3 WR 16 da\V.

IQfRUPaWiRQ RQ eQYiURQPeQWaO SaUaPeWeUV ZRXOd be Rf iQWeUeVW WR fiVheUV fRU ORcaWiQg RSWiPaO
fiVhiQg gURXQdV WR UedXce caWch effRUW aQd iQcUeaVe efficieQc\, RU fRU aYRidiQg b\caWch. SeYeUaO
cRPPeUciaO SURdXcWV fRU SUedicWiQg fiVh SUeVeQce aUe aOUead\ aYaiOabOe, fRU e[aPSOe Whe CATSAT
V\VWeP aQd Ma]X SSRUWFiVhiQg aSS. TheVe SURdXcWV XVe QeaU-UeaO WiPe VaWeOOiWe-deUiYed
RceaQRgUaShic daWa aQd PaUiQe ZeaWheU iQfRUPaWiRQ WR VXSSRUW VPaUWeU, VafeU aQd faVWeU fiVhiQg.
IQfRUPaWiRQ RQ fiVh habiWaW iV aOVR XVed WR aYRid aUeaV ZiWh SURWecWed RU chRNe VSecieV,
effecWiYeO\ UedXciQg b\caWch. E[iVWiQg aSSV (e.g., Whe BATPaS SiORW aSSOicaWiRQ) XVe ZRUd Rf
PRXWh fRU ideQWif\iQg hRWVSRWV Rf WheVe VSecieV; WR fXUWheU adYaQce WhiV V\VWeP, VaWeOOiWe daWa
cRXOd be XVed aORQgVide ORcaO NQRZOedge WR SUedicW hRWVSRWV befRUe Whe\¶Ue UeSRUWed b\ RWheU
fiVheUV.

AdYaQceV iQ VaWeOOiWe WechQRORg\ haYe aOVR SURgUeVVed WRZaUdV PeaVXUiQg aiU SROOXWiRQ fURP
fiVhiQg YeVVeOV, SUeYiRXVO\ PeaVXUed XViQg iQ-Oab eQgiQe WeVWV, RQ-VhiS VeQVRUV aQd SOXPe
WUacNiQg fURP aiUcUafW. MaUiQe debUiV fURP fiVhiQg acWiYiW\ (e.g., ghRVWQeWV aQd RWheU diVcaUded
fiVhiQg geaU) caQ aOVR be VeeQ fURP VSace, ZiWh fORaWiQg PaVVeV Rf debUiV YiVibOe iQ YeU\ high
UeVROXWiRQ VaWeOOiWe iPageU\ ZiWh a gURXQd fRRWSUiQW beWZeeQ 30 WR 50 cP. MeaVXUiQg aQd
PRQiWRUiQg aiU SROOXWiRQ aQd PaUiQe debUiV XViQg VaWeOOiWeV ZRXOd OiNeO\ be Rf iQWeUeVW WR SROic\
PaNeUV aQd UegXOaWRUV.

High UeVROXWiRQ eaUWh RbVeUYaWiRQ VaWeOOiWeV caQ aOVR be XVed WR PRQiWRU IUU fiVhiQg, cXUUeQWO\
XQdeUWaNeQ XViQg a cRPbiQaWiRQ Rf AIS aQd VMS daWa aQd iQ-SeUVRQ PRQiWRUiQg bRWh aW Vea aQd
Yia aiUcUafW. BRWh RSWicaO aQd UadaU VaWeOOiWe daWa caQ be XVed WR ideQWif\ fiVhiQg YeVVeOV aW Vea,
eYeQ if Whe YeVVeOV haYe WXUQed Rff AIS aQd/RU VMS VigQaOiQg. VeU\ high UeVROXWiRQ iPageU\ (i.e.,
beWZeeQ 0.3 WR 5 P) caQ cOeaUO\ ideQWif\ VPaOO aQd OaUge YeVVeOV, ZiWh PRdeUaWeO\ high UeVROXWiRQ
iPageU\ ZiWh a gURXQd fRRWSUiQW Rf a10 P SicNiQg XS YeVVeOV ORQgeU WhaQ 15 P. The VXb-PeWeU
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UeVROXWiRQ iPageU\ iV cRPPeUciaOO\ aYaiOabOe aQd caQ be WaVNed fRU a VSecific aUea Rf iQWeUeVW;
hRZeYeU WhiV cRPeV ZiWh a VigQificaQW iQcUeaVe iQ cRVW aQd ZRXOd be PRUe VXiWabOe fRU iQfUeTXeQW
VSRW checNV UaWheU WhaQ ORQg-WeUP PRQiWRUiQg SURgUaPPeV.

The PaiQ beQefiW Rf XViQg eaUWh RbVeUYaWiRQ VaWeOOiWe daWa iV Whe RSSRUWXQiW\ fRU UegXOaU, UeSeaWed
RbVeUYaWiRQV aW a gORbaO VcaOe RU VSecific aUea Rf iQWeUeVW aW a fiQeU VcaOe. LiPiWaWiRQV Rf VaWeOOiWe
daWa iQcOXde Whe SRWeQWiaO fRU UeTXiUed e[SeUW iQWeUSUeWaWiRQ aQd/RU SURceVViQg, Whe OiPiWaWiRQV
iQWURdXced b\ cORXd cRYeU fRU RSWicaO iPageU\, aQd Whe WUade-Rff beWZeeQ VSaWiaO UeVROXWiRQ aQd
cRVW, ZiWh higheU UeVROXWiRQ iPageU\ iQcUeaViQgO\ PRUe e[SeQViYe. IQ addiWiRQ, XVeUV W\SicaOO\
haYe OiWWOe cRQWURO RYeU Zhich VaWeOOiWeV aUe iQ RUbiW aW aQ\ WiPe; hRZeYeU, Whe iQcUeaViQg
SRSXOaUiW\ Rf VPaOO VaWeOOiWe cOXVWeUV fRU eQYiURQPeQWaO PRQiWRUiQg aQd cRPPXQicaWiRQV haV Pade
VPaOO VaWeOOiWe V\VWePV PRUe affRUdabOe, SURYidiQg Whe RSWiRQ WR OaXQch a ScRWWiVh fiVheU\ VSecific
VaWeOOiWe.

CRPPXQicaWiRQV VaWeOOiWeV, PRVW cRPPRQO\ UadiR-fUeTXeQc\ VaWeOOiWeV, caQ aOVR be XVed WR
PRQiWRU IUU fiVhiQg, SicNiQg XS faiQW UadaU VigQaOV fURP deYiceV XVed RQ-VhiS fRU QaYigaWiRQ aQd
cROOiViRQ-aYRidaQce. A cOXVWeU Rf UadiR-fUeTXeQc\ VaWeOOiWeV caQ SiQSRiQW a YeVVeO¶V ORcaWiRQ ZiWh
aQ accXUac\ beWZeeQ 200 WR 3000 P. HaZNE\e 360, aQ APeUicaQ geRVSaWiaO aQaO\WicV cRPSaQ\,
haV UeceQWO\ UeOeaVed aQ RQOiQe SOaWfRUP caOOed MiVViRQ SSace, Zhich XVeV AI aOgRUiWhPV WR
ideQWif\ YeVVeO behaYiRXU fURP UadiR-fUeTXeQc\ daWa.

AI aQd PachiQe OeaUQiQg caQ aOVR be XVed aORQgVide WUadiWiRQaO fiVheUieV PRQiWRUiQg V\VWePV OiNe
AIS aQd VMS. MachiQe OeaUQiQg aOgRUiWhPV aUe aOUead\ beiQg XVed b\ RUgaQiVaWiRQV OiNe GORbaO
FiVhiQg WaWch WR aXWRPaWicaOO\ ideQWif\ aQd PaS SRVVibOe cRPPeUciaO fiVhiQg YeVVeOV baVed RQ
chaQgeV iQ YeVVeO VSeed aQd diUecWiRQ deUiYed fURP AIS daWa. AI iV aOVR XVed WR aQaO\Ve AIS
aQd VMS daWa WR ideQWif\ YeVVeO SURSeUWieV OiNe OeQgWh aQd eQgiQe SRZeU, aV ZeOO aV Whe W\Se Rf
fiVhiQg geaU beiQg XVed. IQ addiWiRQ, RQ-VhiS caPeUa fRRWage caQ be aVVeVVed XViQg PachiQe
OeaUQiQg PXch PRUe UaSidO\ WhaQ XViQg hXPaQV fRU iQVSecWiRQ, b\ WUaiQiQg aOgRUiWhPV WR ideQWif\
fiVh VSecieV, Vi]e aQd cRXQW aORQg cRQYe\RU beOWV RQ-bRaUd OaUgeU fiVhiQg YeVVeOV. The XVe Rf
RQ-bRaUd caPeUaV WR eOecWURQicaOO\ PRQiWRU a fiVheU¶V caWch aQd diVcaUd ZRXOd gUeaWO\ iPSURYe
Whe WUaceabiOiW\ Rf Whe caWch, SURYidiQg eYideQce WhaW Whe cRUUecW fiVh ZeUe OegaOO\ caXghW iQ Whe
UighW SOace aQd WiPe XViQg Whe cRUUecW eTXiSPeQW. IW ZRXOd aOVR giYe bX\eUV gUeaWeU cRQfideQce iQ
Whe VXVWaiQabiOiW\ Rf ScRWWiVh fiVhiQg, OeadiQg WR aQ iQcUeaVe iQ fiVheUieV SURfiW.

SaWeOOiWe-deUiYed daWa aQd PRUe WUadiWiRQaO fiVheUieV PRQiWRUiQg V\VWePV OiNe AIS aQd VMS caQ
be cRPbiQed aORQgVide daWa fURP SaWUROOiQg YeVVeOV aQd aiUcUafW iQWR aQ iQWegUaWed fiVheUieV
PRQiWRUiQg, cRQWURO aQd VXUYeiOOaQce (MCS) V\VWeP, PRVW XVefXO fRU fiVheUieV UegXOaWRUV. A
SRWeQWiaO ZRUNfORZ fRU VXch a V\VWeP cRXOd VWaUW b\ XViQg VaWeOOiWe daWa WR ideQWif\ YeVVeOV iQ a
UegiRQ Rf iQWeUeVW, cRPSaUiQg WhiV agaiQVW AIS aQd VMS daWa WR ideQWif\ aQ\ XQNQRZQ YeVVeOV
aQd XViQg AI WR deWeUPiQe if aQ\ Rf Whe YeVVeOV aUe dePRQVWUaWiQg fiVhiQg behaYiRXUV. If QeaUb\,
YeU\ high UeVROXWiRQ VaWeOOiWeV caQ WheQ be WaVNed WR fO\ RYeU Whe aUea WR cRQfiUP IUU fiVhiQg
acWiYiW\, RU aQ aiUcUafW RU UAV fO\RYeU cRXOd be SeUfRUPed iQVWead.
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MRYiQg WRZaUdV a fXOO\ digiWaOiVed, iQWegUaWed fiVheUieV PaQagePeQW V\VWeP ZRXOd be beQeficiaO
fRU aOO fiVhiQg iQdXVWU\ VWaNehROdeUV. NeaU-UeaO WiPe iQfRUPaWiRQ RQ eQYiURQPeQWaO SaUaPeWeUV
cRPPXQicaWed WR fiVheUV Yia a VPaUWShRQe aSS RU OaSWRS caQ heOS iQcUeaVe caWch efficieQc\ aQd
UedXce fXeO cRQVXPSWiRQ. UViQg VhiS-WR-VhRUe aQd VhiS-WR-VaWeOOiWe cRPPXQicaWiRQ OiQNV, fiVheUV
caQ VhaUe iQfRUPaWiRQ RQ SRViWiRQ aQd caWch eOecWURQicaOO\, UedXciQg Whe cXUUeQW bXUdeQ Rf
SaSeUZRUN aQd iPSURYiQg SURdXcW WUaceabiOiW\, Zhich ZiOO iQcUeaVe bX\eU cRQfideQce. UViQg a
digiWaOiVed V\VWeP, caWch cRXOd be VROd iQ a YiUWXaO PaUNeW befRUe UeachiQg SRUW. AOWhRXgh VeWWiQg
XS iW ZiOO UeTXiUe a OaUge aPRXQW Rf effRUW aQd cRRSeUaWiRQ fURP aOO iQdXVWU\ VWaNehROdeUV, RQce
RSeUaWiRQaO, a fXOO\ digiWaOiVed V\VWeP ZRXOd VigQificaQWO\ eQhaQce fiVheUieV PaQagePeQW iQ
ScRWOaQd.

AV ideQWified WhURXgh diVcXVViRQ ZiWh a FiVheUieV e[SeUW, RQe VSecific XVe-caVe fRU VaWeOOiWe
WechQRORg\ ZiWhiQ Whe ScRWWiVh fiVhiQg VecWRU iV WhURXgh Whe cUeaWiRQ Rf VSaWiaOO\-e[SOiciW aQQXaO
PaSV Rf ScRWWiVh fiVhiQg acWiYiW\. ThiV aOigQV ZiWh Whe ScRWWiVh GRYeUQPeQW¶V Fisheries
Management Strategy fRU 2020-2030, Zhich ideQWifieV Whe Qeed fRU iQcUeaVed VSaWiaO
XQdeUVWaQdiQg Rf fiVheUieV diVWUibXWiRQ WR VXSSRUW deciViRQ PaNiQg aURXQd fiVh VWRcNV aQd
VXVWaiQabOe OeYeOV Rf fiVhiQg. FiVhiQg acWiYiW\ diVWUibXWiRQ PaSV caQ aOVR heOS WR UeVROYe geaU
cRQfOicWV aQd WR UedXce Whe ORVV Rf fiVhiQg aUeaV WR RWheU PaUiQe VWaNehROdeUV (e.g., RffVhRUe ZiQd
faUPV).

The PRVW XS WR daWe iQfRUPaWiRQ RQ fiVhiQg iQWeQViW\/SUeVVXUe iV fURP 2017, SURYided b\ OSPAR
aQd baVed RQ cROOecWed VMS aQd ORgbRRN daWa fRU YeVVeOV RYeU 12 P ORQg. SaWeOOiWe daWa
SURYideV aQ e[ciWiQg RSSRUWXQiW\ WR XQdeUWaNe XSdaWed fiVheUieV diVWUibXWiRQ PaSSiQg WhURXgh Whe
XVe Rf PachiQe OeaUQiQg ZiWh RSWicaO aQd UadaU iPageU\ cRPbiQed ZiWh aYaiOabOe VhiS-baVed
ORcaWiRQ daWa. CUeaWiRQ Rf aQQXaO fiVheUieV diVWUibXWiRQ PaSV ZRXOd be a VigQificaQW XQdeUWaNiQg
QRW ZiWhRXW iWV chaOOeQgeV, fRU e[aPSOe OacN Rf aYaiOabOe hiVWRUicaO caWch daWa aQd cORXd cRYeU
iVVXeV ZiWh RSWicaO VaWeOOiWe iPageU\, aV ZeOO aV Whe e[SeQVeV aVVRciaWed ZiWh RbWaiQiQg high
UeVROXWiRQ VaWeOOiWe iPageU\. HRZeYeU, WheVe PaSV aUe ceUWaiQO\ achieYabOe aQd ZRXOd gR a ORQg
Za\ iQ VXSSRUWiQg PaUiQe SOaQQiQg iQ ScRWOaQd, eQVXUiQg WhaW RXU VhaUed PaUiQe VSaceV aUe
PaQaged effecWiYeO\ aQd VXVWaiQabO\.

TabOe 12 VXPPaUiVeV aOO Rf Whe VaWeOOiWe WechQRORg\ aSSOicaWiRQV diVcXVVed abRYe, deWaiOiQg each
aSSOicaWiRQ'V iPSRUWaQce WR Whe iQdXVWU\ aQd aVVXPed aSSOicabiOiW\ WR VWaNehROdeUV. A
cRPSaUiVRQ iV Pade beWZeeQ ZhaW iV cXUUeQWO\ XVed b\ Whe iQdXVWU\ aQd Zh\ VaWeOOiWe RU
UePRWeO\ VeQVed daWa SURYideV aQ iPSURYed RSWiRQ. TeQWaWiYe Qe[W VWeSV aUe aOVR VXggeVWed,
iQcOXdiQg cRQWacW iQfRUPaWiRQ ZheUe UeOeYaQW. IQ addiWiRQ, cRQWacW iQfRUPaWiRQ aQd OiQNV fRU
YaUiRXV SURjecWV aQd SOaWfRUPV diVcXVVed WhURXghRXW Whe UeSRUW caQ be fRXQd iQ ASSeQdi[ A.
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Table 12. Summar\ of satellite technolog\ applications for Scottish fishing industr\ and ne[t steps

Satellite technolog\ use
(and importance)

Interested
stakeholder(s) Current solution Wh\ satellites / remote sensing

proYides improYed solution Ne[t steps

ImproYed general
understanding of spatial
distribution of fisheries in
Scottish Zaters
(assisting in marine planning,
gear conflict resolution and
reduction/avoidance of loss of
fishing grounds to other marine
stakeholders)

FiVheUV, SROic\
PaNeUV aQd
UegXOaWRUV

FiVhiQg iQWeQViW\/SUeVVXUe
daWa fURP 2017, SURYided b\
OSPAR aQd baVed RQ
cROOecWed VMS aQd ORgbRRN
daWa fRU YeVVeOV RYeU 12P
ORQg, iQcOXdiQg beaP
WUaZOeUV, dUedgeUV, dePeUVaO
VeiQeV aQd RWWeU WUaZOeUV.

SaWeOOiWeV caQ be XVed WR cUeaWe
aQQXaO PaSV Rf Whe VSaWiaO
diVWUibXWiRQ Rf ScRWWiVh fiVheUieV,
XViQg a cRPbiQaWiRQ Rf VaWeOOiWe
aQd QRQ-VaWeOOiWe daWa ZiWh AI aQd
PachiQe OeaUQiQg.

Space Intelligence aV IQQRYaWiRQ
PaUWQeU fRU RQD ZRUN iQWR cUeaWiRQ
Rf aQQXaO fiVheUieV diVWUibXWiRQ
PaSV

Locating optimal fishing
grounds for commercial
species and hotspots for
protected/chock species
(reduces catch effort, fuel, CO2

emissions, time spent at sea and
bycatch)

FiVheUV -
small, in-shore
fisheries and
large pelagic
trawlers

FiVheUV cXUUeQWO\ XVe aSSV
OiNe MaUiQeTUaffic, WhaWVASS
(ZRUd Rf PRXWh aQd ORcaO
NQRZOedge) aQd BATPaS WR
fiQd gRRd fiVhiQg SOaceV aQd
aYRid b\caWch.

SaWeOOiWeV caQ SURYide QeaU-UeaO
WiPe ZideVSUead cRYeUage Rf
eQYiURQPeQWaO SaUaPeWeUV (e.g.,
Sh\WRSOaQNWRQ, Vea VXUface WePS)
WR heOS fiVheUV ORcaWe aUeaV fRU
fiVhiQg aQd aYRidaQce; WhiV caQ be
cRPbiQed ZiWh ORcaO NQRZOedge WR
SUedicW hRWVSRWV befRUe Whe\ aUe
UeSRUWed b\ RWheU fiVheUV.

CRPPeUciaO aSSV aOUead\ e[iVW fRU
WhiV SXUSRVe, iQcOXdiQg BATPaS
Zhich ZaV WUiaOOed ZiWh RQe fOeeW iQ
ScRWWiVh ZaWeUV.

FXUWheU SaWWeUQV cRXOd be ideQWified
XViQg PachiQe OeaUQiQg.

LiYe (near-real time) mapping
of inshore Yessel locations
(prevent and police illegal
fishing; protection of MPAs and
EEZs)

PROic\ PaNeUV
aQd UegXOaWRUV

RegXOaWRUV cXUUeQWO\ XVe AIS
aQd VMS WechQRORg\
aORQgVide VhiS aQd
aiUcUafW-baVed PRQiWRUiQg.

RadiR-fUeTXeQc\ (RF) VaWeOOiWeV
aQd RWheU QaQRVaWeOOiWeV caQ ORcaWe
iQVhRUe YeVVeOV, eYeQ ZiWh AIS
VZiWched Rff; caQ cRPbiQe RF aQd
RWheU VaWeOOiWe daWa ZiWh AIS daWa
aQd AI WR OeaUQ, ideQWif\ aQd SUedicW
YeVVeO behaYiRXU

Spire Global UK Ltd
(GOaVgRZ-baVed) SURYideV YeVVeO
WUacNiQg VeUYiceV XViQg AIS daWa aV
ZeOO aV WheiU RZQ cRQVWeOOaWiRQ Rf
QaQRVaWeOOiWeV;
DU. HiQa KhaQ iV a Ne\ cRQWacW
(hiQa.NhaQ@VSiUe.cRP)

HaZkE\e 360
MiVViRQ SSace POaWfRUP
CUaig EUiNVRQ
(cUaig.eUiNVRQ@he360.cRP)
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Tracking air pollution from
fishing Yessels (quantify,
mitigate and reduce air pollution
from Scottish fishing industry)

PROic\ PaNeUV
aQd UegXOaWRUV

AiU SROOXWiRQ fURP PaUiQe
YeVVeOV iV cXUUeQWO\
PeaVXUed XViQg iQ-Oab
eQgiQe WeVWV, RQ-VhiS
VeQVRUV aQd SOXPe WUacNiQg
fURP aiUcUafW.

SaWeOOiWeV SURYide ZideU cRYeUage
aQd caQ PeaVXUe SROOXWaQWV fURP
aOO YeVVeOV, QRW jXVW WhRVe ZiWh
RQ-VhiS VeQVRUV; high UeVROXWiRQ
QaQRVaWeOOiWeV aUe iQ deYeORSPeQW
fRU PeaVXUiQg VSecific SROOXWaQWV.

ThiV WechQRORg\ iV iQ deYeORSPeQW;
cXUUeQW VaWeOOiWeV PeaVXUiQg aiU
SROOXWaQWV (e.g., CO2, NO[) aUe QRW
abOe WR UeVROYe ePiVViRQV fURP
iQdiYidXaO YeVVeOV RU fOeeWV.

Tracking marine debris
(understand origin / distribution,
remove current debris and
prevent future debris)

PROic\ PaNeUV
aQd UegXOaWRUV

MaUiQe debUiV iV cXUUeQWO\
ideQWified fURP OaQd- aQd
VhiS-baVed RbVeUYaWiRQV, RU
fURP aiUcUafW aQd UAVV.

SaWeOOiWeV caQ PeaVXUe VSecWUaO
abVRUbaQce Rf debUiV, ideQWif\iQg
diffeUeQW SOaVWicV b\ WheiU XQiTXe
VSecWUaO VigQaWXUeV. The\ aOVR
SURYide ZideU VSaWiaO cRYeUage.

ThiV WechQRORg\ iV iQ deYeORSPeQW;
WheUe iV QR VaWeOOiWe VSecificaOO\
WaVNed fRU high UeVROXWiRQ
PRQiWRUiQg Rf PaUiQe debUiV.
UScRPiQg OaXQcheV Rf
h\SeUVSecWUaO VaWeOOiWeV aUe
SURPiViQg adYaQceV.

ImproYed catch traceabilit\
and sustainabilit\ (ensure
legality of catch - correct time,
place and gear; increase buyer
confidence of legality and
sustainability)

FiVheUV,
SROic\ PaNeUV,
UegXOaWRUV aQd
PaUNeWV/bX\eUV

PaSeU ORgbRRNV aQd
CaSWaiQ¶V aQd caWch
ceUWificaWeV aUe cXUUeQWO\
XVed fRU WUaciQg SXUSRVeV.

SaWeOOiWeV caQ be XVed aV SaUW Rf
aQ eOecWURQic caWch dRcXPeQWaWiRQ
aQd WUaceabiOiW\ (eCDT) V\VWeP,
UedXciQg bXUdeQ Rf SaSeUZRUN fRU
fiVheUV; AI caQ be XVed WR aQaO\Ve
RQ-VhiS caPeUa fRRWage Rf caWch,
UedXciQg hXPaQ effRUW.

USAID aQd SEAFDEC haYe
deYeORSed aQ eCDT V\VWeP fRU
AVia-Pacific QaWiRQV; a ViPiOaU
V\VWeP cRXOd be adRSWed fRU
ScRWOaQd.

TechQRORg\ cRQWacWV iQcOXde:
Pointrek (at-sea capture) NiUZaQ
HaUahaS (QiUZaQ@ViVfR.QeW)

Alterm\th (landing)
DieQ WRQg
(dieQZ@aOWeUP\Wh.cRP)

MDPI (processing)
SWeShaQi MaQgXQVRQg
(VWeShaQi@PdSi.RU.id)
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Table A1. Links to projects discussed in main report Zith contact information (Zhere aYailable)

Project Brief description ReleYant link(s) Contact information
(Zhere aYailable)

EXURSeaQ MaUiWiPe SafeW\
AgeQc\ (EMSA) UePRWeO\
SiORWed aiUcUafW V\VWeP

RePRWeO\ SiORWed aiUcUafW VeUYiceV iQ
VXSSRUW Rf VXUYeiOOaQce ZRUN b\
MePbeU SWaWeV

hWWS://ZZZ.ePVa.eXURSa.eX/RSeUaWiRQaO-Vc
eQaUiRV.hWPO

HAPS4ESA ESA SURgUaPPeV iQ 2017/2019 fRU
XViQg high aOWiWXde SVeXdR VaWeOOiWeV
(HAPS) fRU ciYiOiaQ SXUSRVeV

hWWSV://bXViQeVV.eVa.iQW/SURjecWV/haSV4eVa Airbus Defence & Space (UK)
XaVPaUNeWiQg@aiUbXV.cRP
PNWg-VSace-V\VWePV@aiUbXV.cRP

MeWhaQeSAT DeYeORSPeQW Rf VPaOO VaWeOOiWeV WR
PRQiWRU PeWhaQe cRQceQWUaWiRQ RQ
ZeeNO\ baViV aW 1NP UeVROXWiRQ

hWWSV://ZZZ.PeWhaQeVaW.RUg/

SSiUe MaUiWiPe VeUYice PURYideV QeaU-UeaO WiPe daWa RQ
YeVVeO ORcaWiRQ, iQcOXdiQg SUedicWiYe
PRdeOOiQg XViQg AI fRU caOcXOaWiQg
YeVVeO ETA aQd fRUecaVWed SRViWiRQV

hWWSV://VSiUe.cRP/PaUiWiPe/ DU. HiQa KhaQ
Project Coordinator
hiQa.NhaQ@VSiUe.cRP

GORbaO FiVhiQg WaWch
RQOiQe PaS

MaSSiQg Rf YeVVeOV XViQg AIS aQd
VMS daWa WR ideQWiW\ cRPPeUciaO
fiVhiQg YeVVeOV baVed RQ chaQgeV iQ
VSeed aQd diUecWiRQ

hWWSV://gORbaOfiVhiQgZaWch.RUg/PaS/ TechQicaO VXSSRUW
VXSSRUW@gORbaOfiVhiQgZaWch.RUg

ReVeaUch SURgUaP
UeVeaUch@gORbaOfiVhiQgZaWch.RUg

SMARTFISH H2020 UVeV AI aQd PachiQe OeaUQiQg WR
deYeORS high-Wech V\VWePV fRU EU
fiVhiQg VecWRU (WR iPSURYe caWch
efficieQc\ aQd VWRcN aVVeVVPeQW)

hWWS://VPaUWfiVhh2020.eX/ BeQW HeUUPaQQ
Project Coordinator
beQW.heUUPaQQ@ViQWef.QR
+45 29617964

HaZNE\e 360 MiVViRQ
SSace

CRPPeUciaO SOaWfRUP fRU aQaO\ViV Rf
UadiR-fUeTXeQc\ daWa WR ideQWif\
VSecific YeVVeO behaYiRXU

hWWSV://ZZZ.he360.cRP/SURdXcWV/PiVViRQ-V
Sace-cRPPeUciaO-Uf-aQaO\ViV-SOaWfRUP/

CUaig EUiNVRQ
Director of Commercial Sales
cUaig.eUiNVRQ@he360.cRP
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http://www.emsa.europa.eu/operational-scenarios.html
http://www.emsa.europa.eu/operational-scenarios.html
https://business.esa.int/projects/haps4esa
mailto:uasmarketing@airbus.com
mailto:mktg-space-systems@airbus.com
https://www.methanesat.org/
https://spire.com/maritime/
mailto:hina.khan@spire.com
https://globalfishingwatch.org/map/
mailto:support@globalfishingwatch.org
mailto:research@globalfishingwatch.org
http://smartfishh2020.eu/
mailto:bent.herrmann@sintef.no
https://www.he360.com/products/mission-space-commercial-rf-analysis-platform/
https://www.he360.com/products/mission-space-commercial-rf-analysis-platform/
mailto:craig.erikson@he360.com


EXURSeaQ CRPPiVViRQ
JRiQW ReVeaUch CeQWUe
(JRC) VeVVeO DeWecWiRQ
S\VWeP

S\VWeP XViQg SAR daWa WR ideQWif\
SUeVeQce Rf YeVVeOV, Zhich iV WheQ
cURVV-checNed ZiWh AIS aQd AMS
SRViWiRQiQg daWa

hWWSV://giWhXb.cRP/ec-eXURSa/VXPR

hWWSV://ec.eXURSa.eX/jUc/eQ/QeZV/jUc-PaNeV-
iWV-VhiS-deWecWiRQ-VRfWZaUe-RSeQ-VRXUce

HaUP GUeidaQXV (JRC-ISPRA)
haUP.gUeidaQXV@ec.eXURSa.eX

i-FiVh NRUWh Sea FeaVibiOiW\ VWXd\ cRPSOeWed iQ 2013
fRU V\VWeP SURYidiQg iQWegUaWed
VROXWiRQV aQd VeUYiceV WR eQhaQce
VXVWaiQabiOiW\ Rf fiVheUieV UeVRXUceV

hWWSV://bXViQeVV.eVa.iQW/SURjecWV/ifiVh-QRUWh-
Vea

AYanti Communications
cRQWacW@aYaQWiSOc.cRP

OLSPS Marine
hWWSV://PaUiQe.ROVSV.cRP/cRQWacW/

FISHSAT FeaVibiOiW\ VWXd\ fRU iQWegUaWed
VaWeOOiWe VeUYice fRU fiVhiQg VXSSRUW
aQd VafeW\; V\VWeP WhaW ZRXOd XVe
VaWeOOiWe-deUiYed daWa aQd
cRPPXQicaWiRQ OiQNV WR iPSURYe
cROOabRUaWiRQ beWZeeQ fiVheUV,
PaUNeWV aQd UegXOaWRUV

hWWSV://bXViQeVV.eVa.iQW/SURjecWV/i-fiVhVaW AYanti Communications
cRQWacW@aYaQWiSOc.cRP

SATOC
iQfR@VaWRc.eX
+44 (0)1663 747970

fl\b\
iQfR@fO\b\.iW

USAID SEAFDEC eCDT
V\VWeP

EOecWURQic caWch dRcXPeQWaWiRQ aQd
WUaceabiOiW\ V\VWeP WhaW XVeV PRbiOe
deYiceV WR UecRUd aW-Vea caSWXUe
iQfRUPaWiRQ aQd WUaQVPiW daWa WR
cORXd VWRUage fRU XVe b\ YaUiRXV
XVeUV aORQg VXSSO\ chaiQ

hWWSV://ZZZ.Veafdec-RceaQVSaUWQeUVhiS.RU
g/caWch-dRcXPeQWaWiRQ-aQd-WUaceabiOiW\/

Pointrek (at-sea capture)
NiUZaQ HaUahaS
(QiUZaQ@ViVfR.QeW)

Alterm\th (landing)
DieQ WRQg
(dieQZ@aOWeUP\Wh.cRP)

MDPI (processing)
SWeShaQi MaQgXQVRQg
(VWeShaQi@PdSi.RU.id)

CATSAT CRPPeUciaO V\VWeP SURYidiQg
fiVheUV ZiWh accXUaWe, QeaU-UeaO WiPe
RceaQRgUaShic daWa aQd PaUiQe
ZeaWheU iQfRUPaWiRQ

hWWSV://ZZZ.caWVaW.cRP/ HeadTXaUWeUV
iQfR@caWVaW.cRP

FiVheUieV E[SeUWV
RceaQRgUaSheU@caWVaW.cRP
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https://github.com/ec-europa/sumo
https://ec.europa.eu/jrc/en/news/jrc-makes-its-ship-detection-software-open-source
https://ec.europa.eu/jrc/en/news/jrc-makes-its-ship-detection-software-open-source
mailto:harm.greidanus@ec.europa.eu
https://business.esa.int/projects/ifish-north-sea
https://business.esa.int/projects/ifish-north-sea
mailto:contact@avantiplc.com
https://marine.olsps.com/contact/
https://business.esa.int/projects/i-fishsat
mailto:contact@avantiplc.com
mailto:info@satoc.eu
https://www.seafdec-oceanspartnership.org/catch-documentation-and-traceability/
https://www.seafdec-oceanspartnership.org/catch-documentation-and-traceability/
mailto:nirwan@sisfo.net
mailto:dienw@altermyth.com
mailto:stephani@mdpi.or.id
https://www.catsat.com/
mailto:info@catsat.com
mailto:oceanographer@catsat.com


Ma]X SSRUWFiVhiQg SPaUWShRQe aSS SURYidiQg PaSV Rf
VaWeOOiWe-deUiYed daWa (e.g., Vea
VXUface WePSeUaWXUe, chORURSh\OO-a
chaUWV aQd aOWiPeWU\ daWa)

hWWSV://ZZZ.Pa]X-PaUiQe.cRP/VSRUWfiVhiQg

SXVTXQTech FeaVibiOiW\ VWXd\ aiPiQg WR UedXce
WXQa fiVhiQg YeVVeO ePiVViRQV aQd
fXeO cRQVXPSWiRQ b\ 25%; XVeV
VaWeOOiWe daWa aQd AI WR iPSURYe
deWecWiRQ Rf WXQa fiVheUieV

hWWSV://ZZZ.VXVWXQWech.eX/ hWWSV://ZZZ.VXVWXQWech.eX/cRQWacW/

BATPaS (B\-caWch
AYRidaQce TRRO) - cXUUeQWO\
iQ WUiaO ZiWh RQe ScRWWiVh
fOeeW

ASS WR heOS fiVheUV aYRid high
caWcheV Rf SURWecWed RU chRNe
VSecieV, UeO\iQg RQ fiVheUV VhaUiQg
UeaO-WiPe ORcaWiRQ iQfRUPaWiRQ

hWWSV://iQfR.baWPaS.cR.XN/ baWPaS@VcRWWiVhfiVheUPeQ.cR.XN

DTU ATXa habiWaW
fRUecaVWV

ShRUW-WeUP fRUecaVWV fRU fiVh
VSaZQiQg diVWUibXWiRQV aQd feediQg
habiWaWV fRU bOXe ZhiWiQg aQd bOXefiQ
WXQa

hWWSV://fiVhfRUecaVWV.dWX.dN/ MaUN R Pa\Qe
PSa\@aTXa.dWX.dN
+45 35 88 34 22
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https://www.mazu-marine.com/sportfishing/
https://www.sustuntech.eu/
https://www.sustuntech.eu/contact/
https://info.batmap.co.uk/
mailto:batmap@scottishfishermen.co.uk
https://fishforecasts.dtu.dk/
mailto:mpay@aqua.dtu.dk


 


