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Responding to Oil Spills in the U.S. Arctic Marine Environment
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%VGXMG´W�VMGL�REXYVEP�VIWSYVGIW°XLIVI�EVI�ER�IWXM�
QEXIH����FMPPMSR�FEVVIPW�SJ�XIGLRMGEPP]�VIGSZIVEFPI��
YRHMWGSZIVIH�SMP�MR�XLI�9�7��%VGXMG�EPSRI��WII�*MKYVI���
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ERH�IRKMRIIVMRK�VIKEVHMRK�SMP�WTMPP�VIWTSRWI�ERH�

IRZMVSRQIRXEP�EWWIWWQIRX�SJ�%VGXMG�QEVMRI�[EXIVW��
[MXL�IQTLEWMW�SR�9�7��[EXIVW�MR�XLI�&IVMRK�7XVEMX�ERH�
'LYOGLM�ERH�&IEYJSVX�7IEW��8LI�VITSVX�MHIRXM½IW�IRZM�
VSRQIRXEP�GSRHMXMSRW�ERH�QSRMXSVMRK�TVMSVMXMIW�MR�XLI�
%VGXMG��VIGSQQIRHW�STTSVXYRMXMIW�XS�EHZERGI�SMP�WTMPP�
VIWIEVGL��MHIRXM½IW�WXVEXIKMIW�XS�IRLERGI�MRJVEWXVYGXYVI�
ERH�PSKMWXMGW��ERH�HMWGYWWIW�QMXMKEXMSR��VIGSZIV]��ERH�
VIWXSVEXMSR�STXMSRW�
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9RHIVWXERHMRK�XLI�%VGXMG�IRZMVSRQIRX�MW�JYRHE�
QIRXEP�XS�SMP�WTMPP�VIWTSRWI�ERH�VIGSZIV]�IJJSVXW��-R�
EHHMXMSR�XS�JVEQMRK�XLI�IRZMVSRQIRXEP�GSRXI\X�SJ�XLI�
VIKMSR��MRJSVQEXMSR�SR�TL]WMGEP�TVSGIWWIW°MRGPYHMRK�
SGIER�GMVGYPEXMSR��QEVMRI�[IEXLIV��ERH�WIE�MGI°
GER�LIPT�VIWTSRHIVW�TVIHMGX�[LIVI�SMP�[MPP�WTVIEH�
ERH�LS[�[IEXLIVMRK�QMKLX�GLERKI�MXW�TVSTIVXMIW��
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[EXIV�FSHMIW��6MKLX��%PEWOE�ERH�9�7��%VGXMG�[EXIVW��JSGYWIH�SR�XLI�&IVMRK�7XVEMX��'LYOGLM�7IE��
ERH�&IEYJSVX�7IE��1ET�EVIE�GSVVIWTSRHW�XS�XLI�VIH�FS\�MR�XLI�QET�SR�XLI�PIJX�
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ERH�EMV�STIVEXMSRW��*EGXSVW�WYGL�EW�MGI�
XLMGORIWW��GSRGIRXVEXMSR��ERH�I\XIRX�
EVI�GVMXMGEP�XS�YRHIVWXERHMRK�LS[�SMP�
QMKLX�FILEZI�MR��SR��ERH�YRHIV�XLI�
MGI�ERH�XS�YRHIVWXERHMRK�STIVEXMRK�
PMQMXW�JSV�QEVMRI�ERH�EMV�EGXMZMXMIW��WII�
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'SEWXEP�4VSGIWWIW�ERH�
'LEVEGXIVMWXMGW

,MKL�UYEPMX]�FEXL]QIXV]��REYXMGEP�
GLEVXMRK��ERH�WLSVIPMRI�QETTMRK�HEXE�
EVI�RIIHIH�JSV�QEREKMRK�QEVMRI�XVEJ½G�
ERH�GSSVHMREXMRK�SMP�WTMPP�VIWTSRWI��
6IKYPEV�YTHEXMRK�[MPP�FI�RIGIWWEV]�HYI�
XS�XLI�VETMH�TEGI�SJ�GSEWXEP�IVSWMSR�

)GSPSK]�ERH�'SQQYRMX]�7XVYGXYVI

/RS[PIHKI�SJ�XLI�GYVVIRX�IGSW]WXIQ�
WXVYGXYVI�MW�GVYGMEP�XS�YRHIVWXERHMRK�
LS[�MX�QE]�GLERKI�SZIV�XMQI�SV�FI�
MQTEGXIH�MR�XLI�IZIRX�SJ�ER�SMP�WTMPP��
8LMW�HEXE�MRJSVQW�XLI�MHIRXM½GEXMSR�
SJ�OI]�WTIGMIW�ERH�EVIEW�SJ�FMSPSKMGEP�
WMKRM½GERGI°JSV�I\EQTPI��MQTSVXERX�
JSVEKMRK�EVIEW��TPEGIW�JSV�WTE[RMRK��
RIWXMRK��SV�GEPZMRK��SV�QMKVEXMSR�
VSYXIW°XLEX�GER�XLIR�FI�YWIH�XS�
TVMSVMXM^I�VIWIEVGL�ERH�QSRMXSVMRK��
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&EWIPMRI�HEXE�EVI�GVMXMGEP�XS�EWWIWW�GLERKIW�SZIV�XMQI��8LI�%VGXMG�
IRZMVSRQIRX�MW�GLERKMRK��HYI�XS�WIEWSREP�ERH�]IEV�XS�]IEV�ZEVM�
EFMPMX]��FYX�EPWS�HYI�XS�XLI�MQTEGXW�SJ�GPMQEXI�GLERKI��8LEX�QIERW�
LMWXSVMGEP�HEXE�HS�RSX�TVSZMHI�VIPMEFPI�FEWIPMRIW�XS�EWWIWW�GYVVIRX�
IRZMVSRQIRXEP�SV�IGSW]WXIQ�WXEXIW��-RWXIEH��FIRGLQEVO�HEXE��VIJIV�
IRGI�TSMRXW�QIEWYVIH�SZIV�XMQI
�[SYPH�TVSZMHI�E�QSVI�VIPMEFPI�
QSRMXSVMRK�ETTVSEGL�XS�EWWIWW�IGSW]WXIQ�WXEXYW��'VMXMGEP�X]TIW�SJ�
FIRGLQEVO�HEXE�JSV�SMP�WTMPP�VIWTSRWI�MR�XLI�%VGXMG�MRGPYHI�
�� 4STYPEXMSRW�SJ�½WL��FMVHW��ERH�QEVMRI�QEQQEPW�ERH�XLIMV�HMWXVMFY�

XMSR�SZIV�WTEGI�ERH�XMQI�

�� 8LI�YWI�SJ�QEVMRI�SVKERMWQW��MRGPYHMRK�½WL��FMVHW��ERH�QEQQEPW�
JSV�WYFWMWXIRGI�ERH�JSV�GYPXYVEP�VIEWSRW�

�� -HIRXM½GEXMSR�ERH�QSRMXSVMRK�SJ�EVIEW�SJ�FMSPSKMGEP�WMKRM½GERGI�
�I�K���MQTSVXERX�JSVEKMRK�EVIEW��TPEGIW�JSV�WTE[RMRK��RIWXMRK��SV�
GEPZMRK��SV�QMKVEXMSR�VSYXIW
�

�� 6EXIW�SJ�GLERKI�JSV�OI]�WTIGMIW��I�K���XS�XLI�RYQFIV�SJ�FMVXLW�ERH�
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�

�� 7IRWMXMZMX]�SJ�OI]�%VGXMG�WTIGMIW�XS�L]HVSGEVFSRW�
�� ,MKL�VIWSPYXMSR�GSEWXEP�XSTSKVETL]�ERH�WLIPJ�FEXL]QIXV]�XS�

QSRMXSV�VETMHP]�IVSHMRK�GSEWXPMRIW�

�� 1IEWYVIQIRXW�SJ�WIE�MGI�GSZIV��XLMGORIWW��ERH�HMWXVMFYXMSR�
%HHMXMSREP�VIWIEVGL�ERH�HIZIPSTQIRX�RIIHW�MRGPYHI�QIXISVSPSKMGEP�
QSHIPW�XS�QSVI�EGGYVEXIP]�JSVIGEWX�XLI�I\XIRX�ERH�XLMGORIWW�SJ�WIE�
MGI�ERH�EWWMQMPEXMSR�SJ�XVEHMXMSREP�ORS[PIHKI�SJ�WIE�WXEXI�ERH�MGI�
FILEZMSV�MRXS�JSVIGEWXMRK�QSHIPW�

*MKYVI���� 3MP�ERH�KEW�TPERRMRK�EVIEW�MR�XLI�'LYOGLM�ERH�&IEYJSVX�7IEW��
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MR�KVI]��7IPIGXIH�SMP�ERH�KEW�[IPPW��WSQI�MR�%PEWOER�WXEXI�[EXIVW�ERH�WSQI�MR�
JIHIVEP�[EXIVW��EVI�WLS[R�EW�TYVTPI�HSXW�
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MR�XLI�%VGXMG°MRGPYHMRK��JSV�I\EQTPI��
GSQQYRMX]�FEWIH�TVSKVEQW�XLEX�GSPPIGX�
MRJSVQEXMSR�SR�SGIER�GSRHMXMSRW�SV�
IRZMVSRQIRXEP�TEVEQIXIVW�WYGL�EW�[EPVYW�
TSTYPEXMSRW��ERH�HEXE�KEXLIVMRK�TVSNIGXW�
SVKERM^IH�F]�XLI�%PEWOE�3GIER�3FWIVZMRK�
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TSXIRXMEP�SV�GYVVIRX�YWIVW�

%�GSQQYRMX]�FEWIH��QYPXMYWI�SFWIVZMRK�
RIX[SVO�MR�XLI�%VGXMG�XLEX�TVSZMHIW�E�[MHI�
VERKI�SJ�PSRK�XIVQ��EGGIWWMFPI�FIRGLQEVO�
MRJSVQEXMSR�GSYPH�FVMRK�XLIWI�HMWTEVEXI�HEXE�
XSKIXLIV�MR�ER�MRXIKVEXIH�JEWLMSR�XS�WYTTSVX�
SMP�WTMPP�VIWTSRWI�ERH�SXLIV�EGXMZMXMIW��7YGL�E�
W]WXIQ�GSYPH�FI�E�GSPPEFSVEXMSR�SJ�JIHIVEP��
WXEXI��ERH�XVMFEP�KSZIVRQIRXW��RSR�KSZIVR�
QIRXEP�SVKERM^EXMSRW��ERH�QEVMXMQI�ERH�SMP�
ERH�KEW�MRHYWXVMIW�ERH�GSYPH�FI�SVKERM^IH�
F]�XLI�-RXIVEKIRG]�%VGXMG�6IWIEVGL�4SPMG]�
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0EFSVEXSV]�I\TIVMQIRXW��½IPH�VIWIEVGL��
ERH�TVEGXMGEP�I\TIVMIRGI�KEMRIH�JVSQ�
VIWTSRHMRK�XS�TEWX�SMP�WTMPPW�LEZI�FYMPX�E�
WXVSRK�FSH]�SJ�ORS[PIHKI�SR�XLI�TVSTIV�
XMIW�SJ�WTMPPIH�SMP�ERH�VIWTSRWI�XIGLRMUYIW��
,S[IZIV��QYGL�SJ�XLMW�[SVO�LEW�FIIR�
HSRI�JSV�XIQTIVEXI�VIKMSRW��ERH�EHHMXMSREP�
VIWIEVGL�MW�RIIHIH�XS�QEOI�MRJSVQIH�HIGM�
WMSRW�EFSYX�XLI�QSWX�IJJIGXMZI�VIWTSRWI�
WXVEXIKMIW�JSV�%VGXMG�WTMPPW��4VSGIWWIW�XLEX�
GSRXVSP�SMP�FILEZMSV�ERH�[IEXLIVMRK��MR�
FSXL�STIR�[EXIV�ERH�MGI��EVI�WLS[R�MR�
*MKYVI���

8LIVI�MW�EPWS�E�RIIH�XS�ZEPMHEXI�GYVVIRX�
ERH�IQIVKMRK�SMP�WTMPP�VIWTSRWI�XIGLRSPS�
KMIW�MR�%VGXMG�IRZMVSRQIRXEP�GSRHMXMSRW�SR�
STIVEXMSREP�WGEPIW��'EVIJYPP]�TPERRIH�ERH�
GSRXVSPPIH�½IPH�VIPIEWIW�SJ�SMP�MR�XLI�9�7��
%VGXMG�[SYPH�MQTVSZI�XLI�YRHIVWXERHMRK�
SJ�SMP�FILEZMSV�MR�XLI�&IVMRK�7XVEMX�ERH�
&IEYJSVX�ERH�'LYOGLM�7IEW�ERH�EPPS[�JSV�
XLI�IZEPYEXMSR�SJ�RI[�VIWTSRWI�WXVEXI�
KMIW�WTIGM½G�XS�XLI�VIKMSR��7GMIRXM½G�½IPH�

*MKYVI���� +EXLIVMRK�FIRGLQEVO�HEXE�SR�TSTYPEXMSRW�SJ�%VGXMG�½WL��FMVHW��
ERH�QEVMRI�QEQQEPW�MW�GVYGMEP�XS�YRHIVWXERHMRK�LS[�XLIWI�TSTYPEXMSRW�
QMKLX�GLERKI�MR�XLI�IZIRX�SJ�ER�SMP�WTMPP��8LMW�QET�WLS[W�XLI�HMWXVMFYXMSR�SJ�
[EPVYW��WIE�PMSRW��ERH�TSPEV�FIEVW�MR�9�7��%VGXMG�[EXIVW��(EXE�JVSQ�XLI�%VGXMG�
)RZMVSRQIRXEP�6IWTSRWI�1EREKIQIRX�%TTPMGEXMSR��)61%
��EXXVMFYXIH�XS�
%YHYFSR�%PEWOE��4EGM½G�[EPVYW
��23%%��7XIPPEV�WIE�PMSR
��ERH�9�7��*MWL�ERH�
;MPHPMJI�7IVZMGI��4SPEV�FIEV
�

9RHIVWXERHMRK�XLI�%VGXMG�1EVMRI�)RZMVSRQIRX
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   High-resolution satellite and airborne imagery needs to be 
coupled with up-to-date high-resolution digital elevation models 
and updated regularly to capture the dynamic, rapidly changing 
U.S. Arctic coastline. Nearshore bathymetry and topography 
should be collected at a scale appropriate for accurate modeling 
of coastline vulnerability and storm surge sensitivity. Short- 
and long-term Arctic nautical charting and shoreline mapping 
that have been identi!ed in NOAA and USGS plans should be 
adequately resourced, so that mapping e"orts can be initiated, 
continued, and completed in timescales relevant to anticipated 
changes. To be e"ective, Arctic mapping priorities should 
continue to be developed in consultation with stakeholders and 
industry and should be implemented systematically rather than 
through surveys of opportunity.

   A real-time ice and meteorological forecasting system for the 
Arctic is needed to account for variations in sea ice coverage and 
thickness; it should include patterns of ice movement, ice type, 
sea state, ocean strati!cation and circulation, storm surge, and 
improved resolution in areas of increased risk. Such a system 
requires robust, sustainable, and e"ective acquisition of relevant 
observational data.
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VIPIEWIW�XLEX�LEZI�FIIR�GSRHYGXIH�IPWI[LIVI�MR�XLI�
%VGXMG�HIQSRWXVEXI�XLEX�WYGL�WXYHMIW�GER�FI�GEVVMIH�
SYX�[MXLSYX�QIEWYVEFPI�LEVQ�XS�XLI�IRZMVSRQIRX�

8LI�3MP�7TMPP�8SSPFS\

7TMPP�VIWTSRWI�STXMSRW�[MPP�ZEV]�HITIRHMRK�SR�XLI�SMP�
X]TI�ERH�ZSPYQI��XLI�PSGEXMSR�SJ�XLI�WTMPP��ERH�IRZMVSR�
QIRXEP�GSRHMXMSRW��3XLIV�GSRWMHIVEXMSRW�MRGPYHI�XLI�
TVS\MQMX]�SJ�XLI�WTMPPIH�SMP�XS�WIRWMXMZI�QEVMRI�IGSW]W�
XIQW��TSTYPEXMSRW�SJ�QEVMRI�SVKERMWQW��ERH�GYPXYVEPP]�
WIRWMXMZI�WMXIW��8LI�VITSVX�VIZMI[W�OI]�SMP�WTMPP�
GSYRXIV�QIEWYVIW��[LMGL��XSKIXLIV�[MXL�XLI�STXMSR�SJ�
±RS�VIWTSRWI�²�QEOI�YT�XLI�SMP�WTMPP�XSSPFS\��8LSYKL�
QYGL�MW�ORS[R�EFSYX�SMP�FILEZMSV�ERH�VIWTSRWI�XIGL�
RSPSKMIW�MR�MGI�GSZIVIH�IRZMVSRQIRXW��XLIVI�EVI�EVIEW�
[LIVI�EHHMXMSREP�VIWIEVGL�MW�RIIHIH�XS�QEOI�MRJSVQIH�
HIGMWMSRW�EFSYX�XLI�QSWX�IJJIGXMZI�VIWTSRWI�WXVEXIKMIW�
JSV�HMJJIVIRX�%VGXMG�WMXYEXMSRW�

&MSHIKVEHEXMSR�ERH�(MWTIVWERXW

8LI�HIKVEHEXMSR�SJ�SMP�F]�REXYVEPP]�SGGYVVMRK�QMGVSFMEP�
GSQQYRMXMIW��FMSHIKVEHEXMSR
�MW�ER�MQTSVXERX�TVSGIWW�
GSRXVSPPMRK�XLI�[IEXLIVMRK�ERH�VIQSZEP�SJ�SMP�MR�XLI�
WIE��'LIQMGEP�HMWTIVWERXW�TVSQSXI�FMSHIKVEHEXMSR�F]�

FVIEOMRK�YT�SMP�HVSTPIXW�MR�XLI�[EXIV�GSPYQR��8LIVI�
LEW�FIIR�GSRWMHIVEFPI�HIFEXI�SZIV�XLI�IJJIGXMZIRIWW�
SJ�GLIQMGEP�HMWTIVWERXW�EX�PS[�WIE[EXIV�XIQTIVEXYVIW��
FYX�VIGIRX�WXYHMIW�WLS[�HMWTIVWERXW�GER�FI�IJJIGXMZI�SR�
RSR�IQYPWM½IH�SMP�EX�JVII^MRK�XIQTIVEXYVIW�MJ�ZMWGSWMX]�
�VIWMWXERGI�XS�¾S[
�HSIW�RSX�MRGVIEWI�WMKRM½GERXP]�

9WMRK�WYFWIE�MRNIGXMSR�XS�ETTP]�HMWTIVWERXW�HMVIGXP]�
XS�XLI�FPS[SYX�WMXI�GSYPH�HMWTIVWI�SMP�EX�LMKLIV�VEXIW�
ERH�[MXL�LMKLIV�IJ½GMIRG]�XLER�EIVMEP�HMWTIVWERX�
ETTPMGEXMSR��8LMW�XIGLRMUYI�GER�FI�IQTPS]IH�IZIR�
MR�HEVORIWW��I\XVIQI�XIQTIVEXYVIW��WXVSRK�[MRHW��
VSYKL�WIEW��SV�XLI�TVIWIRGI�SJ�MGI��,S[IZIV��QSVI�
[SVO�RIIHW�XS�FI�HSRI�SR�XLI�IJJIGXMZIRIWW��W]WXIQW�
HIWMKR��ERH�WLSVX��ERH�PSRK�XIVQ�MQTEGXW�SJ�WYFWIE�
HMWTIVWERX�HIPMZIV]�

6IWIEVGL�ERH�(IZIPSTQIRX�2IIHW

�� (IXIVQMRMRK�ERH�ZIVMJ]MRK�FMSHIKVEHEXMSR�VEXIW�JSV�
L]HVSGEVFSRW�MR�SJJWLSVI�IRZMVSRQIRXW

�� )ZEPYEXMRK�XLI�XS\MGMX]�SJ�HMWTIVWERXW�ERH�HMWTIVWIH�
SMP�SR�OI]�%VGXMG�QEVMRI�WTIGMIW

�� -QTVSZMRK�QIXLSHW�JSV�HMWTIVWERX�ETTPMGEXMSR�JSV�
SMP�WTMPPW�MR�MGI

*MKYVI���� )RZMVSRQIRXEP�TVSGIWWIW�XLEX�EJJIGX�SMP�FILEZMSV�ERH�[IEXLIVMRK�MR�STIR�[EXIV�ERH�MR�MGI��1SHM½IH�JVSQ�(EPMRK�
IX�EP���������%��%PPIR�
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-R�WMXY�FYVRMRK°XLI�GSRXVSPPIH�FYVRMRK�SJ�SMP�EX�XLI�
WMXI�SJ�XLI�WTMPP°GER�WMKRM½GERXP]�VIHYGI�XLI�EQSYRX�
SJ�SMP�SR�XLI�[EXIV�ERH�QMRMQM^I�XLI�EHZIVWI�IJJIGX�SJ�
XLI�SMP�SR�XLI�IRZMVSRQIRX��;MXL�VIPEXMZIP]�JVIWL�SMP�
XLEX�MW�[MRH�LIVHIH�EKEMRWX�ER�MGI�IHKI�SV�GSPPIGXW�MR�
QIPX�TSSPW�MR�XLI�WTVMRK��MR�WMXY�FYVRMRK�GER�VIQSZI�E�
QENSVMX]�SJ�WTMPPIH�SMP��,S[IZIV��MR�STIR�SGIER�GSRHM�
XMSRW��SMP�GER�VETMHP]�WTVIEH�EW�XLMR�WPMGOW�SV�½PQW��
FIGSQMRK�XSS�XLMR�XS�MKRMXI�

6IWIEVGL�ERH�(IZIPSTQIRX�2IIHW

�� 1ETTMRK�XLI�YWIJYPRIWW�SJ�GLIQMGEP�LIVHIVW�EX�
HMJJIVIRX�WTEXMEP�WGEPIW��SMP�X]TIW��ERH�[IEXLIVIH�
WXEXIW�ERH�MR�GSRNYRGXMSR�[MXL�SXLIV�QIXLSHW�WYGL�
EW�MR�WMXY�FYVRMRK

�� -QTVSZMRK�MKRMXMSR�QIXLSHW�JSV�MR�WMXY�FYVRMRK

1IGLERMGEP�'SRXEMRQIRX�ERH�6IGSZIV]

1IGLERMGEP�GSRXEMRQIRX�ERH�VIGSZIV]�VIQSZIW�SMP�
[MXLSYX�EHHMRK�GLIQMGEPW�XS�XLI�[EXIV�SV�GVIEXMRK�
FYVR�VIWMHYI��7QEPP�SMP�WTMPPW�GER�FI�GSRXEMRIH�[MXLMR�
WSQI�X]TIW�SJ�MGI��LS[IZIV��PEVKI�SJJWLSVI�WTMPPW�GER�
UYMGOP]�WTVIEH�XS�E�XLMR�WLIIR��[LMGL�WIZIVIP]�PMQMXW�
VIGSZIV]��3MP�WPMGOW�[SYPH�RIIH�XS�FI�GSRGIRXVEXIH�
YWMRK�IUYMTQIRX�WYGL�EW�GSRXEMRQIRX�FSSQW��ZIWWIPW��
ERH�WOMQQIVW��8LI�PEGO�SJ�ETTVSZIH�HMWTSWEP�WMXIW�SR�
PERH�JSV�GSRXEQMREXIH�[EXIV�ERH�SMP]�[EWXI��E�PEGO�SJ�
TSVX�JEGMPMXMIW��ERH�PMQMXIH�EMVPMJX�GETEFMPMX]�QEOI�PEVKI�
WGEPI�QIGLERMGEP�GSRXEMRQIRX�ERH�VIGSZIV]�STIVEXMSRW�
HMJ½GYPX�MR�XLI�%VGXMG�

6IWIEVGL�ERH�(IZIPSTQIRX�2IIHW

�� &IXXIV�ORS[PIHKI�SJ�XLI�PMQMXEXMSRW�SJ�QIGLERMGEP�
VIGSZIV]�MR�FSXL�STIR�[EXIV�ERH�MGI

(IXIGXMSR��1SRMXSVMRK��ERH�1SHIPMRK

/RS[MRK�XLI�PSGEXMSR�SJ�WTMPPIH�SMP�MW�GVMXMGEP�XS�
QSYRXMRK�ER�IJJIGXMZI�VIWTSRWI��3ZIV�XLI�TEWX�HIGEHI��
WIZIVEP�KSZIVRQIRX�ERH�MRHYWXV]�TVSKVEQW�LEZI�
IZEPYEXIH�VETMHP]�HIZIPSTMRK�VIQSXI�WIRWMRK�XIGL�
RSPSKMIW�JSV�HIXIGXMSR�ERH�XVEGOMRK°JSV�I\EQTPI��
WSREV��W]RXLIXMG�ETIVXYVI�VEHEV��MRJVEVIH��ERH�KVSYRH�
TIRIXVEXMRK�VEHEV��-R�EHHMXMSR��XLI�YWI�SJ�YRQERRIH�
EIVMEP�ZILMGPIW�ERH�EYXSRSQSYW�YRHIV[EXIV�ZILMGPIW�
XS�HIXIGX��XVEGO��ERH�QSRMXSV�SMP�LEW�KVS[R��,S[IZIV��
EIVMEP�SFWIVZIVW�XS�QET�SMPIH�EVIEW�ERH�XVERWQMX�
GVMXMGEP�MRJSVQEXMSR�XS�VIWTSRWI�GVI[W�[MPP�GSRXMRYI�XS�
FI�RIIHIH�

-QTVSZIQIRXW�MR�SMP�WTMPP�XVENIGXSV]�QSHIPMRK�[MPP�
FI�RIIHIH�XS�QSVI�EGGYVEXIP]�TVIHMGX�XLI�QSZIQIRX�
SJ�WTMPPIH�SMP��4VSQMWMRK�EHZERGIW�MR�QSHIPMRK�FIXXIV�
EGGSYRX�JSV�XLI�MRGSVTSVEXMSR�SJ�SMP�MRXS�FVMRI�

GLERRIPW�ERH�JVII^MRK�MRXS�MGI��EPXLSYKL�YRHIV�MGI�
VSYKLRIWW�WXMPP�VIUYMVIW�JYVXLIV�EXXIRXMSR��-RZIWXQIRX�
MR�HIXIGXMSR�ERH�VIWTSRWI�WXVEXIKMIW�JSV�SMP�SR��[MXLMR��
ERH�XVETTIH�YRHIV�MGI�MW�RIIHIH�JSV�GSRXMRKIRG]�
TPERRMRK��-R�EHHMXMSR��VSFYWX�STIVEXMSREP�QIXISVS�
PSKMGEP�SGIER�MGI�ERH�SMP�WTMPP�XVENIGXSV]�JSVIGEWXMRK�
QSHIPW�JSV�XLI�9�7��%VGXMG�[SYPH�JYVXLIV�MQTVSZI�SMP�
WTMPP�VIWTSRWI�IJJSVXW�

6IWIEVGL�ERH�(IZIPSTQIRX�2IIHW

�� -QTVSZMRK�YRHIV�MGI�SMP�HIXIGXMSR�ERH�VIWTSRWI�
WXVEXIKMIW

�� -RXIKVEXMRK�VIQSXI�WIRWMRK�ERH�SFWIVZEXMSREP�XIGL�
RMUYIW�JSV�HIXIGXMRK�ERH�XVEGOMRK�MGI�ERH�SMP

8LI�3MP�7TMPP�8SSPFS\
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   Pre-approval for the use of dispersants in Alaska 
should be based on sound science, including 
research on fates and e"ects of chemically dispersed 
oil in the Arctic environment, experiments using 
oils that are representative of those in the Arctic, 
toxicity tests of chemically dispersed oil at realistic 
concentrations and exposures, and the use of repre-
sentative microbial and lower-trophic level benthic 
and pelagic Arctic species at appropriate tempera-
tures and salinities.

   A comprehensive, collaborative, long-term Arctic 
oil spill research and development program needs 
to be established. $e program should focus on 
understanding oil spill behavior in the Arctic marine 
environment, including the relationship between oil 
and sea ice formation, transport, and fate. It should 
include assessment of oil spill response technologies 
and logistics, improvements to forecasting models 
and associated data needs, and controlled !eld 
releases under realistic conditions for research 
purposes. Industry, academic, government, non-
governmental, grassroots, and international e"orts 
should be integrated into the program, with a focus 
on peer review and transparency. An interagency 
permit approval process that will enable researchers 
to plan and execute deliberate releases in U.S. waters 
is also needed.

   Priorities for oil spill research should leverage 
existing joint agreements and be addressed through 
a comprehensive, coordinated e"ort that links 
industry, government, academia, international and 
local experts, and non-governmental organizations. 
$e Interagency Coordinating Committee on Oil 
Pollution Research, which is tasked to coordinate oil 
spill research and development among agencies and 
other partners, should lead the e"ort.
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8LI�3MP�4SPPYXMSR�%GX�SJ������TPEGIW�XLI�TVMQEV]�
VIWTSRWMFMPMX]�JSV�QSYRXMRK�ER�IJJIGXMZI�SMP�WTMPP�
VIWTSRWI�SR�XLI�TEVX]�[LS�[EW�VIWTSRWMFPI�JSV�XLI�
EGGMHIRX��,S[IZIV��JIHIVEP��WXEXI��PSGEP��ERH�XVMFEP�
IRXMXMIW�IEGL�LEZI�PIKEP�EYXLSVMXMIW�XS�SZIVWII��ETTVSZI��
ERH��MJ�RIIHIH��WYTTPIQIRX�QIEWYVIW�XEOIR�F]�XLI�
VIWTSRWMFPI�TEVX]��%�[MHI�VERKI�SJ�JIHIVEP�ERH�WXEXI�
PE[W��EW�[IPP�EW�MRXIVREXMSREP�XVIEXMIW�ERH�EKVIIQIRXW��
[IEZI�E�GSQTPMGEXIH�[IF�SJ�HYXMIW��VIWTSRWMFMPMXMIW��ERH�
EYXLSVMXMIW�JSV�EPP�TEVXMIW�MRZSPZIH�MR�E�WTMPP�VIWTSRWI�

8LI�9�7��'SEWX�+YEVH�LEW�E�PS[�PIZIP�TVIWIRGI�MR�
XLI�%VGXMG��IWTIGMEPP]�HYVMRK�XLI�[MRXIV��%W�E�VIWYPX��
'SEWX�+YEVH�TIVWSRRIP��IUYMTQIRX��XVERWTSVXEXMSR��
GSQQYRMGEXMSR��REZMKEXMSR��ERH�WEJIX]�VIWSYVGIW�
EVI�RSX�EHIUYEXI�JSV�SZIVWIIMRK�SMP�WTMPP�VIWTSRWI�MR�
XLI�%VGXMG��*YVXLIVQSVI��XLIVI�MW�RS�GSQTVILIR�
WMZI�W]WXIQ�JSV�VIEP�XMQI�ZIWWIP�XVEJ½G�QSRMXSVMRK�
SV�QEREKIQIRX�MR�XLI�&IVMRK�7XVEMX�SV�MR�XLI�9�7��
%VGXMG��8LMW�GVIEXIW�WMKRM½GERX�ZYPRIVEFMPMX]�JSV�EPP�
'SEWX�+YEVH�QMWWMSRW��MRGPYHMRK�SMP�WTMPP�VIWTSRWI��ERH�
GVIEXIW�YRHYI�VIPMERGI�SR�TVMZEXI�MRHYWXV]�ERH�JSVIMKR�
REXMSREP�W]WXIQW�JSV�QSRMXSVMRK��7MKRM½GERX�KETW�MR�
GSZIVEKI�GVIEXI�RYQIVSYW�VIKMSREP�±FPMRH�WTSXW�²�
[LIVI�ER�IEVP]�MRHMGEXMSR�SJ�IPIZEXIH�VMWOW�QE]�RSX�FI�
ETTEVIRX�XS�SJ½GMEPW�EWLSVI�

-RXIVREXMSREP�'SSVHMREXMSR

8LI�9�7��LEW�PSRK�IRKEKIH�MXW�VIKMSREP�RIMKLFSVW�MR�
%VGXMG�WTMPP�TVITEVIHRIWW�ERH�LEW�FMPEXIVEP�EKVII�
QIRXW�[MXL�FSXL�'EREHE�ERH�6YWWME�VIKEVHMRK�SMP�WTMPP�
VIWTSRWI��*SVQEP�GSRXMRKIRG]�TPERRMRK�ERH�I\IVGMWIW�
[MXL�'EREHE�LEZI�IREFPIH�FSXL�XLI�9�7��ERH�'EREHE�XS�
VI½RI�TVSGIHYVIW�ERH�PIKEP�VIUYMVIQIRXW�JSV�GVSWW�
FSVHIV�QSZIQIRX�SJ�XIGLRMGEP�I\TIVXW�ERH�IUYMTQIRX�
MR�XLI�IZIRX�SJ�ER�IQIVKIRG]��8LI�VIWSPYXMSR�SJ�
ERXMGMTEXIH�VIWTSRWI�TVSFPIQW�[MXL�6YWWME��MRGPYHMRK�

GSQQYRMGEXMSRW�FIX[IIR�GSQQERH�GIRXIVW��GSSVHM�
REXIH�TPERRMRK��XVERW�FSYRHEV]�QSZIQIRX�SJ�TISTPI�
ERH�IUYMTQIRX��ERH�MHIRXM½GEXMSR�SJ�XVERWPEXSVW��RIIHW�
XS�FI�EGGSQTPMWLIH�MR�EHZERGI�SJ�ER�EGXYEP�IZIRX�

-RJVEWXVYGXYVI

8LI�PEGO�SJ�MRJVEWXVYGXYVI�ERH�SMP�WTMPP�VIWTSRWI�
IUYMTQIRX�MR�XLI�9�7��%VGXMG��*MKYVI��
�MW�E�WMKRM½GERX�
PMEFMPMX]�MR�XLI�IZIRX�SJ�E�PEVKI�SMP�WTMPP��&YMPHMRK�9�7��
GETEFMPMXMIW�XS�WYTTSVX�SMP�WTMPP�VIWTSRWI�[MPP�VIUYMVI�
WMKRM½GERX�MRZIWXQIRX�MR�TL]WMGEP�MRJVEWXVYGXYVI�
ERH�LYQER�GETEFMPMXMIW��JVSQ�GSQQYRMGEXMSRW�ERH�
TIVWSRRIP�XS�XVERWTSVXEXMSR�W]WXIQW�ERH�XVEJ½G�QSRM�
XSVMRK��4VITSWMXMSRMRK�VIWTSRWI�IUYMTQIRX�XLVSYKLSYX�
XLI�%VGXMG�[SYPH�TVSZMHI�QSVI�MQQIHMEXI�EGGIWW�XS�
SMP�WTMPP�GSYRXIVQIEWYVIW�

8VEMRMRK�ERH�3VKERM^EXMSR

0SGEP�GSQQYRMXMIW�TSWWIWW�ORS[PIHKI�SJ�MGI�GSRHM�
XMSRW��SGIER�GYVVIRXW��ERH�QEVMRI�PMJI�MR�EVIEW�XLEX�
GSYPH�FI�EJJIGXIH�F]�SMP�WTMPPW��]IX�XLIVI�LEZI�FIIR�
SRP]�QSHIWX�IJJSVXW�XS�MRXIKVEXI�PSGEP�ORS[PIHKI�MRXS�
JSVQEP�MRGMHIRX�GSQQERH�FEWIH�VIWTSRWIW�

*PI\MFPI�ERH�WGEPEFPI�SVKERM^EXMSR�MW�MQTSVXERX�XS�
HIZIPST�ER�IJJIGXMZI�%VGXMG�SMP�WTMPP�VIWTSRWI��8LMW�GER�
FI�EGLMIZIH�XLVSYKL�HVMPPW��GEWI�WXYHMIW��WMQYPEXMSR��
ERH�SVKERM^EXMSREP�PIEVRMRK��8S�FYMPH�W]WXIQ�[MHI�
GETEGMX]��WYWXEMRIH�PSRK�XIVQ�XVEMRMRK�ERH�GSRXMRYIH�
VIWSYVGI�MRZIWXQIRXW�EVI�VIUYMVIH��-RGPYWMZI�ERH�
XVYWXJYP�GSQQYRMGEXMSRW��VIPEXMSRWLMT�FYMPHMRK��ERH�
HIGMWMSR�QEOMRK��GPIEV�EGGSYRXEFMPMX]��ERH�SR�KSMRK�
EWWIWWQIRX�ERH�MQTVSZIQIRX�EVI�EPWS�RIIHIH�

786%8)+-)7�*36�6)74327)�%2(�
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%PP�TVI�WTMPP�WXVEXIKMIW�IQTLEWM^I�SMP�WTMPP�TVIZIR�
XMSR�EFSZI�IZIV]XLMRK�IPWI��-R�XLI�IZIRX�SJ�ER�SMP�WTMPP��
LS[IZIV��WXVEXIKMIW�JSV�HIGMWMSR�QEOMRK�ERH�VIWTSRWI�
EVI�GVMXMGEP�XS�OIIT�SMP�E[E]�JVSQ�XLI�WLSVI�ERH�XS�

'SEWX�+YEVH�2IIHW
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   As oil and gas, shipping, and tourism activities increase, the U.S. Coast Guard will need an enhanced presence and 
performance capacity in the Arctic, including area-speci!c training, icebreaking capability, improved availability of 
vessels for responding to oil spills or other emergency situations, and aircra% and helicopter support facilities for the 
open water season and eventually year-round. Furthermore, Arctic assignments for trained and experienced personnel 
and tribal liaisons should be of longer duration, to take full advantage of their skills. Sustained funding will be required 
to increase the presence of the Coast Guard in the Arctic and to strengthen and expand their ongoing Arctic oil spill 
research programs.

   $e U.S. Coast Guard should expedite its evaluation of tra&c through the Bering Strait to determine if vessel tra&c 
monitoring systems, including an internationally recognized tra&c separation scheme, are warranted. If so, this should 
be coordinated with Russia. $e Coast Guard should also consider obtaining broader satellite monitoring of Automatic 
Identi!cation System (AIS) signals in the Arctic through government means or from private providers.
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QMRMQM^I�MQTEGXW�SR�WIRWMXMZI�LEFMXEXW��
SVKERMWQW��ERH�TISTPI��2S�VIWTSRWI�
QIXLSH�MW�GSQTPIXIP]�IJJIGXMZI�SV�VMWO�
JVII��(IGMWMSR�TVSGIWWIW�XLEX�IZEPYEXI�
STXMSRW�ERH�WXVEXIKMIW�EVI�GVMXMGEP�XS�ER�
IJJIGXMZI�VIWTSRWI�

8LI�2IX�)RZMVSRQIRXEP�&IRI½X�
%REP]WMW��2)&%
�TVSGIWW�TVSZMHIW�E�
JVEQI[SVO�XS�HIXIVQMRI�[LMGL�SMP�
WTMPP�GSYRXIVQIEWYVIW�[MPP�FI�XLI�
QSWX�IJJIGXMZI�ERH�[MPP�GEYWI�XLI�PIEWX�
IGSPSKMGEP�HEQEKI��FEWIH�SR�ER�EREP]WMW�
SJ�IRZMVSRQIRXEP�XVEHISJJW��2)&%�
MRGSVTSVEXIW�TVMSVMXM^EXMSR�GVMXIVME�JSV�
XLI�TVSXIGXMSR�SJ�WIRWMXMZI�ERH�MQTSV�
XERX�IGSW]WXIQ�GSQTSRIRXW�XLEX�GSYPH�
FI�MQTEGXIH�F]�SMPMRK��GPIERYT�STIVE�
XMSRW��SV�VIWMHYEP�SMP°JSV�I\EQTPI��
QEVMRI�QEQQEPW��GSEWXEP�LEFMXEXW��
½WLIW��SV�EVIEW�SJ�GYPXYVEP�WMKRM½GERGI��
%R�%VGXMG�2)&%�[SYPH�EPWS�MRGPYHI�
MRJSVQEXMSR�SR�XLI�XVERWTSVX��JEXI��
ERH�TSXIRXMEP�IJJIGXW�SJ�XLI�WTMPPIH�
SMP��ORS[PIHKI�SJ�STIVEXMSREP�PMQMXW��
EHZERXEKIW��ERH�HMWEHZERXEKIW�SJ�IEGL�
SMP�WTMPP�VIWTSRWI�GSYRXIVQIEWYVI�
JSV�XLI�REXYVEP�VIWSYVGIW�EX�VMWO��ERH�
GSRWMHIVEXMSR�SJ�PSKMWXMGEP�GSRWXVEMRXW�

*MKYVI���� 0EGO�SJ�MRJVEWXVYGXYVI�ERH�SMP�WTMPP�VIWTSRWI�IUYMTQIRX�MR�XLI�9�7��
%VGXMG�GSYPH�TVIWIRX�E�WMKRM½GERX�PMEFMPMX]�MR�XLI�IZIRX�SJ�E�PEVKI�SMP�WTMPP��%VGXMG�
WLMTTMRK�VSYXIW��XLI�%PEWOE�(ITEVXQIRX�SJ�)RZMVSRQIRXEP�'SRWIVZEXMSR´W�WTMPP�
VIWTSRWI�IUYMTQIRX�HITSXW��ERH�ZMPPEKIW�ERH�XS[RW�[MXL�XLI�GETEGMX]�XS�PERH�
TEWWIRKIV�NIXW�MR�%PEWOE�EVI�WLS[R�

8VEMRMRK�ERH�3VKERM^EXMSR
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   $e U.S. Coast Guard should expand its bilateral agreement with Russia to include Arctic spill scenarios, conduct 
periodic exercises to establish joint responses under Arctic conditions, and build on existing bilateral agreements 
with Russia and Canada to develop and exercise a joint contingency plan.

   Infrastructure to support oil spill response should be enhanced in the North Slope and Northwest Arctic Boroughs, 
with marine facilities for addressing response operations. $e scope, scale, and location of infrastructure needs 
should be determined through structured decision processes, studies, and risk assessments.

   $e U.S. Coast Guard and Alaska Department of Environmental Conservation should undertake the development 
of an oil spill training program for local entities to develop trained response teams in local villages. Industry should 
continue to participate in local training initiatives. Local o&cials and trained village response teams should be 
included in the coordinated decision-making and command process during a response event. Input from commu-
nity experts should be actively solicited for inclusion in response planning and considered in conjunction with data 
derived from other sources. $e Coast Guard should set this as an exercise objective in all government-led oil spill 
response exercises in the Arctic and should set the expectation that industry-led exercises will do the same.

   Relevant federal, state, and municipal organizations (such as the U.S. Coast Guard, National Oceanic and 
Atmospheric Administration, Bureau of Safety and Environmental Enforcement, Bureau of Ocean Energy 
Management, Alaska Department of Environmental Conservation, Alaska Department of Natural Resources, 
U.S. Fish and Wildlife Service, Alaska Fish and Game, North Slope Borough, and Northwest Arctic Borough), 
local experts, industry, and academia should undertake regularly scheduled oil spill exercises designed to test and 
evaluate the 'exible and scalable organizational structures needed for highly reliable Arctic oil spill response.



ERH�GPIERYT�MRXIRWMX]��(YI�XS�XLI�VERKI�SJ�
GSRHMXMSRW�X]TMGEPP]�IRGSYRXIVIH�[MXLMR�ER�
EVIE�EJJIGXIH�F]�ER�SMP�WTMPP��E�GSQFMREXMSR�
SJ�GSYRXIVQIEWYVIW��VEXLIV�XLER�E�WMRKPI�
VIWTSRWI�STXMSR��[SYPH�FI�QSWX�PMOIP]�XS�
TVSZMHI�STXMQEP�TVSXIGXMSR�JSV�EPP�IRZMVSR�
QIRXEP�VIWSYVGIW�

'SRXVSPPMRK�SMP�VIPIEWI�ERH�WTVIEH�EX�
XLI�WSYVGI�SJ�E�WTMPP��HIXIVVMRK�ERMQEPW�
JVSQ�IRXIVMRK�SMPIH�EVIEW��ERH�GETXYVMRK�
ERH�VILEFMPMXEXMRK�SMPIH�[MPHPMJI�GER�LIPT�
QMRMQM^I�XLI�TSXIRXMEP�MQTEGX�SJ�SMP�
WTMPP�VIWTSRWI�SR�[MPHPMJI��XLI�FVSEHIV�
IGSW]WXIQ��ERH�XLI�JSSH�[IF��,S[IZIV��
VILEFMPMXEXMSR�ERH�VIPIEWI�MR�XLI�%VGXMG�MW�
GSQTPMGEXIH�F]�VIQSXI�PSGEXMSRW��PEGO�SJ�
VIWTSRWI�IUYMTQIRX��GSRGIVRW�SZIV�WYFWMW�
XIRGI�YWI�SJ�TSXIRXMEPP]�SMPIH�ERMQEPW��ERH�
WEJIX]�GSRWMHIVEXMSRW�[LIR�HIEPMRK�[MXL�
PEVKI�ERMQEPW�PMOI�TSPEV�FIEVW�ERH�[EPVYWIW��
;MPHPMJI�VIWTSRWI�TPERW�[MPP�RIIH�XS�MRGPYHI�
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   A decision process such as the Net Environmental Bene!t 
Analysis should be used to select the response options that o"er 
the greatest overall reduction of adverse environmental impacts. 
In the Arctic, areas of cultural and subsistence importance should 
be among the priority ecosystem components. In light of concerns 
regarding detrimental e"ects on ecosystems, further study 
should focus on the impact of oil spills on Arctic food webs and 
dynamics at di"erent trophic levels. $e process should involve 
regulators, resource managers, health authorities, technical 
specialists, scienti!c experts, and local experts.

   U.S. Fish and Wildlife Service, NOAA’s National Marine 
Fisheries Service, Alaska Fish and Game, co-management 
organizations, and local government and communities are the 
trustees for wildlife deterrence and rehabilitation. As appro-
priate, these agencies and groups should work together to explore 
and improve deterrent and rehabilitation methods for wildlife. 
Additional research and development for improved methods 
could bene!t from the involvement of universities, non-govern-
mental organizations, and others. Priorities should be set and 
regularly updated by the trustees for oil spill response based on 
the type of wildlife threatened, the season, other factors related 
to a spill, and updated research and methodology.

Committee on Responding to Oil Spills in Arctic Marine Environments: Martha R. Grabowski (Chair), Le Moyne College/
Rensselaer Polytechnic Institute; !omas Coolbaugh, ExxonMobil Research and Engineering; David F. Dickins, DF Dickins 
and Associates, LLC; Richard Glenn, Arctic Slope Regional Corporation; Kenneth Lee, Commonwealth Scienti!c and 
Industrial Research Organisation; William (Lee) Majors, Alaska Clean Seas; Mark D. Myers, University of Alaska, Fairbanks; 
Brenda L. Norcross, University of Alaska, Fairbanks; Mark Reed, SINTEF; Brian Salerno*, BIMCO; Robert Suydam, North 
Slope Borough; James M. Tiedje (NAS), Michigan State University; Mary-Louise Timmermans, Yale University; Peter 
Wadhams, Cambridge University; Deborah Glickson (Senior Program O!cer), Lauren Brown (Associate Program O!cer, 
Polar Research Board), Stacee Karras (Research Associate), Heather Chiarello (Senior Program Assistant, until April 2013), 
Payton Kulina (Program Assistant, from June 2013), National Research Council.  *Resigned from the committee.

$e National Academies appointed the above committee of experts to address the speci!c task requested by the U.S. Arctic 
Research Commission; American Petroleum Institute; U.S. Coast Guard; U.S. Department of the Interior, Bureau of Ocean 
Energy Management and Bureau of Safety and Environmental Enforcement; Marine Mammal Commission; National Oceanic 
and Atmospheric Administration; Oil Spill Recovery Institute; National Academy of Sciences. $e members volunteered their 
time for this activity; their report is peer-reviewed and the !nal product signed o" by both the committee members and the 
National Academies. $is report brief was prepared by the National Research Council based on the committee’s report. 

For more information, contact the Ocean Science Board at (202) 334-2714 or visit http://dels.nas.edu/osb. Copies of Responding 
to Oil Spills in the U.S. Arctic Marine Environment are available from the National Academies Press, 500 Fi%h Street, NW, 
Washington, D.C. 20001; (800) 624-6242; www.nap.edu. 
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