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INTRODUCTION

I2FHDQ DFLGLNFDWLRQ LV , EHOLHYH RQH RI WKH JUH
from the considerable development of anthropogenic greenhouse gas

HPLVVLRQVY WR KDYH ERWK FRQFUHWH DQG JOREDO LPSI
+ 6 + 3ULQFH $OEHUW ,, RI ORQDFR

HSH Prince Albert Il of Monaco - © Palais Princier

2FHDQ DFLGLNFDWLRQ LV D JURZL Qdlendds fran R® BouiRriesdd &dressed the
FRQFHUQ 7KH FKHPLVWU\ DQG WKHSRWVRHEOWLIEHLB I RIHFRVY RI RFHDQ DFLC(
ZRUOG RFHDQV ZLOO EH LPSDFWHG WiRer&lt |tcobbtél Qdmniuihitids Haddd/ what
GHSHQGLQJ RQ WKH UHJLRQ DQG WKHcomd Belddré adHduRitY \VW H P
$V D UHVXOW RI LWV LPSDFWV RQ P BaticipahtsRWithD SatRgind® QnG various
HFRV\VWHPYVY RFHDQ DFLGLNFDWLRQ KiddiplivéKtHed3IdRewakigia\pbbssible WWipacts
VHULRXVO\ DIIHFW WKH OLYHOLKRRG RIQFPDWARIO FRPRXWIOD.OVLNVKHULHV D
DQG WKHLU HFRQRPLHV )URP PHJD F Lagtlvites, \&he donsidered Ways) toHmodel
NVKLQJ YLOODJHV FRDVWDO FRPPXQLWWKH KFDVUFD/GBHQIRNFBRWEBI\QWLDO FRQ'
LQ SRSXODWLRQ PDULWLPH DFWLYLWR| EABDQQBRLEBONFPFDWLERD RQ KXPDQ
QDWXUDO UHVRXUFHVY DQG WKHUHIRUH7WKNLDOWVHR SHEPWLQH GHSRWH QWLDO I
Rl DGDSWDELOLW\ ,GHQWLI\LQJ WKH Fabd Qdp¥¢tXychtilding GptlahsS &hd policy
FRQVHTXHQFHV WKDW RFHDQ DFLGLN F@2§gdrRa3 avadlxbleGo thEsE MarRu® sectors
FRDVWDO FRPPXQLWLHY ZLOO EHFRPH DQ®BD NRYHRRDFHOQWMRYDFK RI WKH ZI
JRYHUQPHQWY RI FRDVWDO FRXQWULHSYUWRHHEGIHGE WRHW RVHEASYHHLNF UHFRPF
FXUUHQW PDULQH DFWLYLWLHYV DQG E Hd& HnIMyV makers on possible mitigation

and adaptation measures, and research
In 2008, the Monaco Declaration, drafted under SULRULWLHV
the stewardship of HSH Prince Alber_t Il of Monaco, OCEAN ACIDIFICATION AND COASTAL
advocated for a stronger collaboration between
economists and natural scientists in order to better COMMUNITIES
evaluate the socio-economic impacts of ocean
DFLGLNFDWLRQ ,Q OLQH ZLWK WKH%H?SFQ?FLQ#BBBW\W'E@Q#V D FKDQJH L
and with the support of HSH Prince Albert II, an chemislry caused by the absorption of excess
international workshop series - « Bridging the Gap atmospheric CO , E\ WKH RFHDQ § KLJK &2
%HWZHHQ 2FHDQ $FLGLNFDWLRQ ,P S PERMNE Regieied poRaygaiigcts on marine
9DOXDWLRQ | ZDV ODXQFKHG E\ WK H'@Aey DFHENe sReeas/ypRrvwpigh the
GH ORQDFR &60 DQG WKH (QYLURQPH"@R/ 'B)'ElRHu\b\W/'R RREYWDO FRPPXQLWLF
RI WKH ,QWHUQDWLRQDO $WRPLF F\WKURXJK GLUHFW
$($ 7KUHH ZRUNVKRSV KDYH EHHQF %ELI-PCQO/L FkHY OLNH VKHOON\
2010 all involving multidisciplinary international via fOOdW interactions and loss of marine
experts, to work on providing recommendations and KD,ELWDW,V VXFK, DV FRUDO UHHIV
an appropriate methodology for taking adapted are inextricably linked to the impact of other
SROLF\ PHDVXUHV RU PDQDJHPHQWVWS’WH& YV kjyHPUPLQJI SROOXWL
workshops resulted in a series of consistent, science- RQ PDULQH VSHFLHV DQG HFRVIVWHP
based conclusions and recommendations for policy

PDNHUV 7KLV ZRUNVKRS IRFXVHG RQ WKH
HFRQRPLF LPSDFWV RI RFHDQ DFLGLN
7KH NUVW ZRUNVKRS IRFXVHG RRRIMWDOP FRPRAUQUWLHY  'LVFEXVVLR

RFHDQ DFLGLNFDWLRQ RQ WKH JOREDUORXRHDHWKWUHRW WkH WRSLFV
NUVW WLPH HFRQRPLVWY DQG VFLHQWLVWY FDPH WRJHWKHU WR
open the lines of communication and foster coope - (1) coastal economic activities with a
UDWLRQ DQG FRRUGLQDWLRQ 7KH VHRRZY RRUNVKRYLHY DTXDFXOWXUH
WDUJHWHG WKH LPSDFWV RI RFHD®Q DfFlK@LSNFDQ/GRQ RQ NVKH
ULHVY DQG DTXDFXOWXUH LQ GLIIHUH ‘%H i %}i ol %QCBG
6RFLDO DQG HFRQRPLF LPSDFWV RI ,4_:@ % RFHDQ DFLG!
on livelihoods, commerce and food security were dis - FKD S
FXVVHG

SRWHQWLDO PHDVXUHVanWR WDF
7KH SUHVHQW GRFXPHQW FRQWddnQ V MWK Hs FREPIWLRIBU QFOXGLQJ VRFLHWI
issued from discussions during the third International adaptation, governance and legislation
:RUNVKRS )LIW\ WKUHH H[SHUWYV IURRPSQRW&VDQ LRSS VBBIEPD O
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ULTURE

.LHUDQ .HOOHKHU FKDLU *XQQDU +DUDOGYV 7TDUXE %
$GRW2 %OLP %OLYL /LQD +DQVVRQ &HFLOH YH 6DP
'XSRQW ODUF OHWLDQ &DUO &KULVWLDQ 6FK D Q]
&RQWH[W

2FHDQ DFLGLNFDWLRQ ZLOO DIIHFW GHSHQG QLWLHV

GLITHUHQW zZD\V 7KLV VXPPDU\ H[DPLQHV

WKH PDLQ LPSDFWV RI RFHDQ DFLGLNFDWLRQ RQ FRDVWDO FRPPXQLYV
DTXDFEXOWXUH

WKH ZD\ LQ ZKLFK WKHVH LPSDFWV DIIHFW GLIIHUHQW FRDVWDO FRPI
WKH IDFWRUV WKDW GHWHUPLQH FRPPXQLW\ YXOQHUDELOLW\

D UDQJH RI OHVVRQYVY OHDUQW SROLF\ RSWLRQV VWUDWHJILHY DQG D
VHYHUDO UHFRPPHQGDWLRQV 5HODWHG LVVXHV RQ PDULQH WRXULVP
DQG VRFLHWDO UHVSRQVHVY DQG NQRZOHGJH PDQDJHPHQW DUH DGGUH®

2FHDQ DFLGLNFDWLRQ LV OLNHO\ WR KDYH D SURSRUWLRQDWHO\ JUHDW
SURGXFHUV RQ VXEVLVWHQFH NVKHULHV RQ SRRUHU NVKLQJ FRPPXQLWLLI
GHSHQGHQW RQ NVKHULHY DQG DTXDFXOWXUH O0DQ\ RI WKHVH FRPPXQLWL
broad range of climate change impacts and have fewer possibilities for alternative livelihoods (Daw

et al

$SERXW RI JOREDO PDULQH FDSWXUH NVKHULHV SURGXFWLRQ PL(
VPDOO VFDOH NVKHUV ZKLOH WKH\ DFFRXQW IRU DERXW RI WKH FD S|
6PDOO VFDOH SURGXFHUV FRQVWLWXWH RI WKH DTXDFXOWXUH

LV DERXW PLOOLRQ WRQQHV \HDU PXFK RI ZKLFK LV VHDZHHG )$2
PDULQH NVKHUV OLYH LQ GHYHORSLQJ FRXQWULHV :RUOG %DQN ZLWE
LQ VRPH FRXQWULHY DQG WHUUdtWRULHV ZRRIDGE IIHSU HAMHQW DOPRVW K
VPDOO VFDOH NVKHULHV ZRUNIRUFH DQG DSSUR[LPDWHO\ RI UHHI NVKHL
ZRPHQ DQG FKLOGUHQ FROOHFWLQJ VKHOONVK DQG ®&WKHU VSARKHNMW LQ W
VPDOO VFDOH NVKLQJ FRPPXQLWLHYV DUH SDUWLFXODUO\ YXOQHUDEOH DQC
XVHG IRU GLUHFW ORFDO FRQVXPSWLRQ ,Q UHFHQW GHFDGHV PDULFXOW.

SURSRUWLRQ RI PDULQH IRRG VXSSOLHV )$2 E ZKLOH UHFRUGHG FDSYV
KDV VWDJQDWHG )$2 E ZLWK D GHFOLQLQJ SURSRUWLRQ RI DVVHV!
FRQVLGHUHG XQGHUH[SORLWHG )$2 E

7KHVH WUHQGY DUH OLNHO\ WR FRQWLQXH DV HFRQRPLHV JURZ DV ODERXU
DQG DV GHPDQG IRU NVK LQFUHDVHV ZLWK ULVLOJ LOFRPHYV

SRWHQWLDO LPSDFWYV RI

RQ
7KH LPSDFWV RI RFHDQ DFLGLNFDWLRQ RQ LWLHV L\
inextricably linked to the impact of other stressors on species and
HFRV\VWHPV 5LHEHVHOO DQG *DWWXVR DVHG RQ
H[SHULPHQWDO GDWD )LHXWBDO .WKREXHWKDW
DFLGLNFDWLRQ FDQ KDYH VLIJQLNFDQW GLUHF S URGXFW
many marine species, including species upon which the economies of 3
FRDVWDO FRPPXQLWLHV GHSHQG ,Q DGGLWLR DQG LQ
of ecosystems will be threatened through changes at different trophic .
OHYHOV 2Q D JOREDO VFDOH VHYHUDO WUHQG HG )RU H
FDOFLNHUV VSHFLHV ZLWK VKHOOV RU ERQHV RUH VHQ\
RFHDQ DFLGLNFDWLRQ WKDQ WKH QRQ FDOFL JUDVVHV
FHUWDLQ VSHFLHV RI DOJDH etd JXUH ) URX
:LWWPDQQ DQG 3:-UWQHU +RZHYHU WKLV VSHFLH\
VSHFLNF PDNLQJ DQ\ H{HWUDSRODWLRQ IURP R DW RU D

WR DQRWKHU GLINGEXOW .URHNHU
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/RFDO GDWD RQ WKH LPSDFWV RI RWKHU VWUHVVRUV VXFK DV ULVLQJ VHD
pressure, availability of food for both cultured and wild species), and on the responses of key species

WR RFHDQ DFLGLNFDWLRQ DUH GHNFLHQW PDNLQJ DVVHVVPHQWYV RI WKH
ORFDO FRPPXQLWLHYV FKDOOHQJLQJ 1HYHUWKHOHVV WKH SRWHQWLDO QH
on coastal communities could be experienced through one or more of the following pathways:

3 5HGXFWLRQ LQ IRRG DYDLODELOLW\ DQG IRRG VHFXULW\ DW FRPPXQLW\

3 &KDQJHV WR HPSOR\PHQW RSSRUWXQLWLHY DQG LQFRPHV IURP NVKHULH
LPSDFW PXVW EH LQWHUSUHWHG LQ UHODWLRQ WR DQ H[LVWLQJ ORQJ WHU

3 ' HWHULRUDWLRQ LQ PDULQH UHFUHDWLRQ RSSRUWXQLWLHY DQG DSSHDO

3 /RVV RI FXOWXUDO YDOXHVY UHODWHG WR PDULWLPH DQG NVKHULHV WUDG
DQG WR VSLULWXDO ZHOO EHLQJ SDUWLFXODUO\ LQ WKH FDVH RI LQGLJHQ

3 6RFLDO DQG FXOWXUDO FKDQJH UHVXOWLQJ IURP GHFOLQHV LQ WKH NVKI
LQFUHDVHG FRQOLFWY LQFUHDVHG LOOLFLW NVKLQJ DFWLYLWLHV PLJUD
UHODWLRQVKLSY DV WKH WUDGLWLRQDO UROHV RI PHQ DQG ZRPHQ FKDQJH
3 'LVDSSHDUDQFH RU VWDJQDWLRQ RI VPDOOHU DQG PRUH LVRODWHG FRD
PLIJUDWLRQ UHGXFHV FRPPXQLW\ VLIH EHORZ WKH FULWLFDO PDVV QHHGH!
VHUYLFHYVY HJ VFKRROV KHDOWK FOLQLFV DQG WUDQVSRUW OLQNYV

3 &KDQJHV LQ WUDGH ORZV DQG WKHLU UHODWHG YDOXH FKDLQV

3 5HVSRQVHV HJ FRQVROLGDWLRQ RI RZQHUVKLS DQG FRQWURO RYHU SU
OHDGLQJ WR FKDQJHV LQ LQFRPH GLVWULEXWLRQ LQ FRPPXQLWLHYV

3 /RVVHV LQ WKH VHFRQGDU\ HFRQRP\ LQ DUHDV VXFK DV ERDWEXLOGLQJ
3 /RVV RI HFRV\VWHP VHUYLFHVY VXFK DV FRDVWDO SURWHFWLRQ DV UHHIV

3 /RVW HINFLHQF\ WKURXJK HURGHG OHYHOV RI FHUWDLQW)\ LQ EXVLQHVV L

5
In general, poor coastal communities, that rely heavily on harvesting or culturing species that are
VHQVLWLYH WR RFHDQ DFLGLNFDWLRQ DQG WKDW KDYH OLPLWHG DOWHUQC
WR EH PRVW YXOQHUDEOH WR WKH QHJDWLYH HIIHFWV Rl RFHDQ DFLGLNFD
NVKHULHY DQG DTXDFXOWXUH JRYHUQDQFH UHJLPHV DQG PDQDJHPHQW S
UHVLOLHQW

$TXDFXOWXUH SURGXFWLRQ V\WVWHPV LQ ZKLFK RSHUDWRUV FDQ H[HUW VL
IRRG VXSSO\ RU VHHG VXUYLYDO DUH OLNHO\ WR EH PRUH UHVLOLHQW H J
PDULFXOWXUH RU ZKHUH NVK FDJHV FDQ EH PRYHG WR DOWHUQDWLYH VLYV
2Q WKH RWKHU KDQG PRVW FDSWXUH NVKHULHVY DQG H[WHQVLYH PDULFXO
WR EH OHVV UHVHOMLBDOW 7RP&BPIPOWY DUH IHOW WKURXJK UHGXFHG RU DOW
HFRV\VWHPVY DQG HFRQRPLFDOO\ LPSRUWDQW VSHFLHV

3 300 VSHFLHY DQG HFRV\VWHPYV KDYH D +WLSSLQJ SRLQW,
to RFHDQ DFLGLNFDWLRQ DQG WKH LPSDFWV RI PXOWLSOH \
of some species or ecosystems, RFHDQ D F L G LédifrtizwhiBa@Qed as the

+VWUDZ WKDW EURNH WKH FDPHO,V EDFN, RU WKH UHPRYL
EULFN LQ WKH JDPH RI +-HQJD,

3 7TKHUH LV VXEVWDQWLDO HYLGHQFH WKDW VRPH FDOFLNF

bivalves) are particularly vulnerable to RFHDQ DFLGLNFDWLBQ .URHNLE
DO

3 -XYHQLOH VWDJHV RI PDQ\ VSHFLHY WHQG WRt&H TXLWH Y.
3 &RUDO UHHI NVKHULHV DUH SDUWLFXODUO\ YXOQHUDEOH
threatened by reduced abundance and vigor of corals and the calcareous

algae that cement the reef structure (Hoegh-Guldberg HW DO

3 1RQ FDOFDUHRXY DOJDH VXFK DV VHDZHHGV PD\ EHQHNYV
of responses, often closely linked to other stressors and availability of nutrients

6&%"
3,0 boO FDVHV ORFDO FRQWH[W LPSDFWV RI RWKHU GUL
GHSHQGHQW FRDVWDO FRPPXQLWLHV WR DGDSW DQG UHVSHF



&RPPXQLW\ UHVSRQVHV WR RFHDQ DFLGLNFDWLRQ

(I'THFWLYH FRPPXQLW\ UHVSRQVHV WR RFHDQ DFLGLNFDWLRQ DUH OLNHO\
RI FKDQJH D SURFHVV JXLGHG E\ ORQJ WHUP YLVLRQ DQG OHDGHUVKLS \
SDUWLFXODUO\ ZKHQ WKH EHQHNWY ODUJHO\ DFFUXH RXWVLGH VKRUW WH
DVVLVWHG LQ WKHLU UHVSRQVHV LQ VHYHUDO ZD\V LQFOXGLQJ E\

3 ODLQVWUHDPLQJ RFHDQ DFLGLNFDWLRQ LQWR FOLPDWMHenEKDQJH S
strategies at community and national levels (rather than creating additional new and separate
responses)

3 5DLVLQJ NQRZOHGJH D@ ®R PHZDQY HDF H & YimpadtsvandRr@sponses to inform
policies and plans and to prioritise actions and investments

3 %XLOGLQJ UHVLOLHQW DQG VXVWDLQDEOH NVKHULHY DQG DTXDFX:
RFHDQ DFLGLaM&DWLREHDQ DFLGLNFDWLRQ VWUHVVR Uamiskiods o HG X FW L
SROOXWLRQ VXSSRUWLQJ GLYHUVLNHG FRDVWDO FRPPXQLW\ HFRQRTF
FRPPXQLW\ HPSRZHUPHQW DQG FRPPXQLW\ HQJDJHPHQW LQ NVKHULH

3 $FFHVVLQJ FOLPDWH NQDQFH WR UH EXLOG +EOXH FDUERQ, VLQN
explore possiblelocal RFHDQ DFLGLNFDWLRQ PLWLJDWLRQ PHDVXUHV RU WR
more resilienceto RFHDQ DFLGLNFDWLRQ

3 )RVWHULQJ SXiaée mvesthent $ social, economic and environmental capital,
particularly in communities and regions considered most vulnerable to the negative overall
impacts of RFHDQ DFLGLa&h& BthgrisRe3sors, including in strengthening leadership and
FDSDFLW\ LQ SURGXFHU DQG FRPPXQLW\ RUJDQLVDWLRQV

([DPSOHV RI SRVVLEOH UHVSRQVHY LQ FDSWXUH NVKHULHY LQFOXGH

- Improved managem HQW Rl FRUDO UHHI NVKHULHV LQFOXGLQJ UHFUHDWLRQDO
of marine protected areas, through community-based management, or reinforcing community-level
ULIJKWVY RYHU NVKLQJ DQG DTXDFXOWXUH

-« Greening» ol NVKHULHV VXEVLGLHV IRU H[DPSOH E\ UHGLUHFWLQJ IXHO V
UHGXFH NVKLQJ SUHVVXUH DQG UHEXLOG NVK VWRFENYV

- Initiatives to add localv. DOXH WKURXJK NVK SURFHVVLQJ WKURXJK GHYHORSPH
WKURXJK UHFUHDWLRQDO XVH RI NVKHU\ UHVRXUFHV

8VH RI SRO\YDOHQW NVKLQJ YHVVHOV XVLQJ D YDULHW\ RI NVKLQJ JHDU'

([DPSOHV RI SRVVLEOH UHVSRQVHYVY LQ PDULFXOWXUH LQFOXGH

- Supporting seed availability for closed cycle mariculture to reduce reliance on wild seed, or moving
YXOQHUDEOH VHHG SURGXFWLRQ WR +VDIHU, DUHDV

- Selection of resilient species and culture systems, such as through integrated multi-trophic mari -
FXOWXUH HJ LQ DVVRFLDWLRQ ZLWK DOJDH WKURXJK XVH RI UHFLUFX
RU SRQGV VXFK DV VKULPS RU PLONNVK SRQGV ZKHUH ZDWHU TXDOLW\

8VH RI VHOHFWLYH EUHHGLQJ WR LPSURYH UHVLOLHQFH RI FXOWXUHG V!

- Development of monitoring and early warning systems for harmful algal blooms, RFHDQ DFLGLNFDWLR
DQG RWKHU VWUHVVRUV DQG SUHSDUDWLRQ RI DVVRFLDWHG UHVSRQVH &

,PSURYHG VSDWLDO SODQQLQJ FRDVWDO ]JRQH PDQDJHPHQW DQG FRQVH

/IHVVRQV IURP RWKHU HQYLURQPHQWDO FKDQJH Sl

Community responsesto  RFHDQ D FL G Lédafie\Wioféd by a wide range of lessons from other

HQYLURQPHQWDO FKDQJH DQG GLVDVWHU UHVSRQVHVY &RUDO EOHDFKLQJ
RI PDULQH SURWHFWHG DUHDV 6DOP DQG &ROHV VSHFLHV UHVLOLH
FROODSVHV JHQHUDWHG UHIRUPV DQG NVKLQJ HIIRUW WHZBIR; &¢dsizQ SURJUL
WHP DSSURDFKHVY WR NVKHULHY HYROXWLRQ RI FR PDQDJHPHQW UHJLPHYV
JHPHQW DQG HPSRZHUPHQW &RPPRQ FRQFHUQV RQ VHD OHYHO ULVH IRV\
6PDOO ,VODQG 'HYHORSLQJ 6WDWHV ZKLOH WVXQDPLV F\FORQHV DQG FR



disaster response plans, coastal offsets, conservation of natural coastal barriers such as reefs and

PDQJURYHV &RPPRQ FRQFHUQV RYHU ELRGLYHUVLW\ ORVVHV GHDG ]JRQHV
OLVWLQJV PDUNHW DQG WUDGH PHDVXUHV LQWHUQDWLRQDO PRQLWRULC
FKDQJH PLWLIJDWLRQ DQG DGDSWDWLRQ LQLWLDWLYHV KDYH DOUHDG\ Fl
JURZWK LQLWLDWLYHY FRGHV RI VXVWDLQDEOH LQGXVWU\ FRQGXFW DQG
WKHVH FKDOOHQJHYV PDQ\ OHVVRQV KDYH HPHUJHG RQ KRZ WR PDQDJH WK
HFRQRP\ RI FKDQJH 7KHVH OHVVRQV SURYLGH JXLGDQFH RQ KRZ WR UDLVF
LQ SXEOLF SROLF\ HIIHFWLYHO\ GHSOR\ SXEOLF NQDQFH DQG RIIVHW WK
QDWLRQDO DQG LQWHUQDWLRQDO OHYHOV

5SHFRPPHQGDWLRQV

3 5HLQIRUFH WKH FOLPDWH FKDQJH PLWLJDWLRQ DJHQG
on RFHDQ DFLGLNFDWLRQ SDUWLFXODUO\ VR WKDW RFHDQ Z
are considered together

3 ,PSURYH DZDUHQHVY DQG NQRZOHGJH DW DOO OHYHC
DFLGLNFDWLRQ VFLHQFH RQ WKH FRVWV DQG HIIHFWLYH(
PLWLIJDWLRQ DFWLRQV DQG GLVVHPLQDWH NQRZOHGJH RI C
3

ODLQVWUHDP RFH D Qntb RatighaINregibdalL draglobal poli -
§ cies, plans and investment strategies for climate change, for oceans, and in
VKHULHYVY DTXDFXOWXUH DQG FRDVWDO PDQDJHPHQW

N

3 ,PSURYH HFRV\WWHP DQG FRPPXQLW\ UHVLOLHQFH L
HITHFWLYH NVKHULHV DQG DTXDFXOWXUH PDQDJHPHQW Ut
and biodiversity and empowerment of vulnerable communities and groups

HJ ZRPHQ LVRODWHG LVODQG FRPPXQLWLHYVY DQG LQGLJH

3 JLQDQFH D VXLWH RI DFWLRQV LQ VXSSRUW RI HFRV)\
resilience for vulnerable communities to improve and integrate approaches
to adaptation and local mitigation

3 6XSSRUW DQG HWHQG LQLWLDWLYHV WhRIFKBIQLWRU RFI
stressors, particularly for vulnerable coastal communities and with respect to
regions and countries where monitoring of RFHDQ DFLGLNRBRI3&MLAR Q 7
GHNFLHQW

SHIHUHQFHV

'D 5RFKD - 0 &HUYL2R 6 9 FOHDIIKVDXOVGHEHUJ 2 OXPE\ 3 -RIWRRM/HBSDFWV RI 2FHDQ $FLGLNFDWLF

6 7KH &RPPRQ )LVKHULS$YV- 3REALHFQHFN 5 6 *UHHQNHIDQ BQH*BRRIGLYHUVLWY (GV 6 +HQQLJ

$Q HQIRUFHPHQW SUREOHP ODUL+@H YFRIODAF\ 5 6DOH 3 ) JBEBUWY $ 3- :LOOLDPVRQ 6&%' ORQW
) &DOGHLUD . .QRZOWRQ 1 TBNKQLRDOOB6HULHV 1R SDJHV

,JOHVLDV 3ULHWR 5 OXWKLJD 1 %UDGEXU\ 5 +

'DZ 7 $GJIJHU : 1 %URZQ . '%PIGBIHFNDW]LRORYV 0 ( ZRKDO65HHIVHK / & / 6XPDLOD 8 5

0 & &OLPDWH FKDQJH D Qundér R& Xlirtdte Change and Ocean A global estimate of the number of coral

NVKHULHYV SRWHQWLDO LPSDFML\GLNFOMSVRDWBEROHQFH UHHI)NVKHUV 3/R6 21(

DQG PLWLIJDWLRQ ,Q &RFKUDQH . '"H <RXQJ

& B6RWR ' %DKUL 7 (GV &OL®PHMEHBKDQ4BUULYV / 0 ILQFRHRQW G5 0 & 1D\ORU 5 / OHWLDQ 0 %HY

LPSOLFDWLRQV IRU NVKHULHV DQG*WJEEBXD@WEUPDOO VFDOMH NMKIBPHWNW D + )JRONH & $SUURZ .
RYHUYLHZ RI FXUUHQW VFLHQWDMA IRQREZOMBWHQJ ZRPHQ DQ® EWVRIQMW PLVEU2SLQ $ 6 (KUOLFK 3 5

)$2 J)LVKHULHV DQG $TXDFXOWHKQB )LHWKKQIADO GRL IDI.DXWVN\ 1 /HYLQ 6 $ I1\ERUJ. —VWHU
3DSHU ) + 3RODVN\ 6 6FKHIIHU 0 :DONHU %
.URHNHU . - _RUGDV 5 / &ULWPSHSDGEIPBWINY GH =HHXZ $ "RHV
)$2 D *OREDO FDSWXUH DQQ@ DSEPDMR / 6LQJK * 6 'S$DXOVWK@WRUH $GG 5HVLOLHQFH WR WKFE
FXOWXUH SURGXFWLRQ 4XDQWLADMHWXVR)- 3 ,PSDFWV)RRGREWMNHP" 3URFHHGLQJV RI WKH 1DW
$TXDFXOWXUH YDOXHV ) DHLEKBWDWLERQ RQ  PDULQ Hcaddrly 3T80ien¢ds \bf the United States

D WRRO IRU NVKHU\ VWDWLVWIOKD @WDIALQUYV VEHDOHIWMH LWLHWI BRBUURPDWHUDFWLRQ
8QLYHUVDO VRIWZDUH-IRZLNMKHZIDUPWQWLVWREDO &KDQJH %LRORJ\

FDO WLPH VHULHV )$2 )LVKHULHV 'H3DUWPHQW LWWPDQQ $ & 3-UWQHU + 2

JLVKHU\ ,QIRUPDWLRQ 'DWD DQG 6WDWLVWLFV 8QLW Sensitivities of extant animal taxa to ocean

Rome 5LHEHVHOO 8 *DWWXVR - 3 DFLGLNFDWLRWY IDWXUH &OLPDWH &k
OHDUQHG IURP RFHDQ DFLGLNFDWLRQ UHVHDUFK

)$2 E 7KH 6WDWH RI :RUOGD WMKH EOHYDWH &KDQJH )

DQG $TXDFXOWXUH 2SSRUWXQLWLHV DQG :RUOG %DQN +LGGHQ +DUYHVW 7KH *

&KDOOHQJHV )$2 )LVKHULHY D@OGH XDBEXOWRRIHHV 6 (GV &RQWARUIEXQVLRQ RI &DSWXUH )LVKHULH)

'HSDUWPHQW 5RPH SS %OHDFKLQJ DQG ODULQH 3UR@RFWHG*/SA/HDDNVKLQJIJWRQ '& SS
Proceedings of the Workshop on Mitigating

+REGD\ $ - 3RORF]DQVND (&BRUDO %OHDFKLQJ ,PSDFW 7KURXJK 03%

JLVKHULHY DQG $TXDFXOW XU HDesigQ BisM/RMLISedim,8Honolulu, Hawaii,
+RZGHQ 6 0 $GDSWLQJ DJULEBOWXUH
to climate change: Preparing Australian
DIJULFXOWXUH IRUHVWU\ D Q GSelretiidtoitihe\CorRhtiorVdrikBiological
IXWXUH &6,52 3XEOLVKLQJ OHOERXU@HW\ %6&%' $Q 8SGDWHG 6\QWKHVLV
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"

/IXNH %UDQGHU FKDLU '"HQLY $OOHPDQG IDFLOLWDWRU -HOOH %LMPD
ODR] )LQH <LPQDQJ *ROEXX 2YH +RHJK *XOGEHUJ 6W2aSKDQLH 5H\QDXC
6DLQWHQ\ $XU20OLH 7KRPDVVLQ

&RQWHI[W

3 &RUDO UHHI UHODWHG WRXULVP HQFRPSDVVHV D EURDG UDQJH RI UHFL
VQRUNHOOLQJ IUHH GLYLQJ HGXFDWLRQ FXOWXUDO DFWLYLWLHV NVKL!
glass-bottomed boats, beach activities, and passive appreciation of beautiful coastal vistas (Cesar et

Do +RHJK *XOGERHDO 7DNLQJ D YHU\ EURDG SHUVSHFWLYH WKH YDO!
UHODWHG WR WKH H[LVWHQFH RI FRUDO HFRV\VWHPV XQUHODWHG WR DC
Reef related tourists and recreationists are diverse and can be from coastal communities living near

reefs, other regions of the countries in which coral reefs are located (domestic tourists) or from distant

FRXQWULHYVY LOQWHUQDWLRQDO WRXULVWYV

3 7KH JOREDO YDOXH RI FRUDO UHHI EDVHG WRXULVP LQ LV HVWLPDWH
to grow rapidly (Burke HW DO 'LYH WRXULVP LV LQFUHDVLQJ D \HDU IRXU WLF
tourism (Cesar HW DO

3 ORUH WKDQ FRXQWULHY DQG WHUULWRULHY EHQHNW IURP WRXULVP
WKHVH UHHI UHODWHG WRXULVP DFFRXQWY IRU PRUH WKDQ HRVM DORVYV C

3 $ORQJVLGH WKHVH PDFURHFRQRPLF NJXUHV PDQ\ PLFUR VWXGLHV H[LV
the importance of coral reef based tourism to coastal communities:

< $URXQG PLOOLRQ YLVLWRUV D \HDU HQMR\ WKH W
RI ZKLFK FRPH VSHFLNFDOO\ WR GLYH DQG D IXUWKI
snorkeling activities (Cesar HW D O

< 7KH *UHDW %DUULHU 5HHI ODULQH 3DUN DWWUDFWYV I
\HDU DQG JHQHUDWHG ELOOLRQ $8' LQ WRXULVW UHY
MREV LQ '"HORLWWH $FFHVV (FRQRPLFV

< $QQXDO QHW EHQHNWYVY RI FRUDO UHHI UHODWHG WR)

ELOOLRQ 86' LQ WKH &DULEEHDQ PLOOLRQ 86' LQ 3K

EHWZHHQ DQG PLOOLRQ 86' LQ %HOL]H PLOOLI
PLOOLRQ 86' LQ +DHEWLDO % XUNH

< 7KH )UHQFK ,QLWLDWLYH IRU &RUDO 5HHIV ,)5(&25
WKH HYDOXDWLRQ RI HFRV\VWHP VHUYLFHV SURYLGHG E
RYHUVHDYV WHUULWRULHYVY 7KH WRWDO QXPEHU RI XVH
of coral reefs is estimated to 780,000 persons representing an average

RlI PRUH WKDQ RI WKH WRWDO QXPEHU RI WRXULVW)\
WHUULWRULHYV $PRQJ WKHVH DUH GLYHUV FF
UHODWHG WR FRUDO UHHI WRXULVP JHQHUDWLQJ DUR
total value of tourism activities supported by coral reefs is estimated

WR EH DSSUR[LPDWHO\ PLOOLRQ (85 IRU 1HZ &DOF
*XDGHORXSH 6W ODUWLQ DQG ORRUHD LQ )UHQFK 3RO\C




SRWHQWLDO LPSDFWV RI RFHDQ DFLGLNFDWLRQ RQ

3 &RUDOV DUH HFRV\VWHP DUFKLWHFWY L H WKH\ SURYLGH WKH KDUG VXE
DQG QLFKHV IRU D XQLTXH HHAMR D\ WHRFY HHMO B O /IRVLQJ WKH +DUFKLWHFW,
ORVLQJ WKH HFRV\VWHP &RUDO UHHIV VXSSRUW DSSUR[LPDWHO\ RI PDUL
W ZLOO EH DOPRVW LPSRVVLEOH WR SUHGLFW LQ ZKLFK RUGHU DQG KRZ IL

3 &RUDO UHHIV DUH SDUWLFXODUO\ YXOQHUDEOH WRWHOOYOLUR®MEHIKRWDO F
Guldberg HW DO 7TKHUH LV QRZ DEXQGDQW HYLGHQFH WKDW UHODWLYHO\ V
ZKLFK UHVXOW LQ FRUDO EOHDFKLQJ DQG PRUWDOLW\ DQG RFHDQ DFLGL
RI FDOFLXP FDUERQDWH SURGXFWLRQ ZKLOH UDWHV RI ELR HHRVDB®Q DQC(
'RYHWHW DO 7TKHUH LV DOVR JURZLQJ HYLGHQFH WKDW WKH YXOQHULI
FRUDOV WR WKHUPDO VWUHVY LQFUHDVHVY XQGHU RFHDQ DFLGLNFDWLRQ
VHD XUFKLQV DQG NVK PD\ OHDG WR VHDZHHG GRPLWQF® +XQKHM WKH +X
LPSRUWDQW WDNH KRPH PHVVDJHV IURP UHFHQW OLWHUDWXUH RQ WKHVH

almost certain to affect a very broad range of physiological processes in marine organisms (Pértner et

DO :H DUH YHU\ OLNHO\ RQO\ VHHLQJ WKH WLS RI WKH LFHEHUJ LQ WHUI
will occur within the ocean (Hoegh-Guldberg HW DO 3-UWIQW WD O

3 6RPH RI WKH HYLGHQFH LV YHU\ FRPSHOOLQJ %DVHG RQ VXUYH\V RQ
5HHI *%5 WKHUH KDV EHHQ D ORVV RI RI LQLWLDO FRUDO FRYHU VLQF
UHJLRQV RI WKH *%5 D GHFUHDVH RI RI WKH UDWH RI FDOFLNFDWLRQ KD
HW DO

3 2FHDQ ZDUPLQJ DQG DFLGLNFDWLRQ LQ FRQMXQFWLRQ ZLWK RWKHU FOL
coastal droughts, increasing sediment run-off) are very likely to drive reduced reef complexity and

ELRGLYHUVLW\ UHGXFHG FRDVWDO SURWHFWLRQ DQG D UDQJH RI RWKHU |
larval development and physiology (Portner HW DO 7TKHVH FKDQJHV FRXOG GULYH HFRO
LQ GLUHFWLRQV DZD\ IURP VWUXFWXUDOO\ FRPSOH[ UHHI VA\VWHPV WRZDL
VWXGLHY HYHQ VXJJHVW DQ DOPRVW WRWDO GLVDSSHDUDQFHD®I FRUDO

3 6KLIWYV LQ UHHI VWUXFWXUH DQG FRPSRVLWLRQ DV ZHOO DV ORVV RI
PDNH UHHIV GLINFXOW WR PDQDJH DV D QDWXUDO UHVRXUFH DV WKH\ P
HQYLURQPHQW ODUVKDOO DQG 6FKXWWHQEHUJ

&RUDO UHHRQRMVXHQFHYV IRU WRXULVP

3 7KH ORVV RI FRUDO UHHIV LV OL
providing reef-related tourism less attractive and
UHVXOW LQ D GHFOLQH LQ WRXU r"
economic impacts will be reductions in revenues
DQG SURNWV IRU EXVLQHVVHYV
VHUYLFHY HJ GLYH RSHUDWR
restaurants, transport) and employment for
people working in the sector (Hoegh-Guldberg et
DO 7KH VHYHULW\ RI WKH HFH
on coastal communities will depend in part on

the diversity of the local economy and on the
DYDLODELOLW\ RI RSSRUWXQLWL

3 7TKH HFRQRPLF FRQVHTXHQFHV
coral reefs also includes a decrease in welfare for
tourists in terms of their enjoyment of reef-related
activities (Amelung et al 7KLV FRPS
of the economic value of reef related tourism

does not necessarily accrue to local coastal
communities, but can be substantial and offers

D SRWHQWLDO VRXUFH RI NQDQH
HITRUWYV
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3 +RZ GLIIHUHQW W\SHV RI WRXULVWY ZLOO UHVSRQG
ODUJHO\ XQNQRZQ 6RPH WRXULVW DFWLYLWLHY DUH

FKDQJHV LQ WKH VWDWH RI FRUDO UHHIV WKDQ RWKHU\
for the purposes of coral ecology education, which ultimately relies on

IHDWXUHV DVVRFLDWHG ZLWK +JHQXLQH, HFRORJLFDO

sensitive than recreational diving, snorkelling, and viewing, which in

WXUQ DUH OLNHO\ WR EH PRUH VHQVLWLYH WKDQ EHEL
WRXULVP ZLOO EH DIIHFWHG LQ WKH ORQJ WHUP LI WK
beaches are impacted, since many beaches are protected by reefs or

IRUPHG IURP FRUDO PDWHULDO

3 7TRXULVP LQ FRUDO UHHI UHJLRQV LV DOVR OLNHO\ WF
WKH ORVV RI FRDVWDO SURWHFWLRQ SURYLGHG E\ WKt
RQ WKH FRDVW HJ UHVRUWY URDGV DLUSRUWYV PI
storm damage and therefore disruption of tourist activities (Amelung et

DO

3 $ GURS LQ WRXULVP PD\ UHVXOW LQ WKH ORVV RI
communities for marine conservation and marine protected areas
03$V LI WKH\ QR ORQJHU UHFHLYH WRXULVP EHQHNW\

&RPPXQLW\ UHVSRQVH DQG DGDSWDWLRQ SRWHQW

*LYHQ WKDW WKHUH LV DOUHDG\ FRQVLGHUDEOH RFHDQ DFLGLNFDWLRQ +E
LPSRUWDQW WR H[SORUH RSSRUWXQLWLHV WR KHOS KXPDQ FRPPXQLWLH
DUH D QXPEHU RI SRWHQWLDO RSSRUWXQLWLHVY WR KHOS FRDVWDO FRPP
QRW DW WKH JOREDO OHYHO RI KDOWLQJ RU UHYHUVLQJ WKH LPSDFWYV RI
scale, local opportunities to support communities in their efforts to cope with the impacts of ocean
DFLGLNFDWLRQ RQ WRXULVP DFWLYLWLHV

<ORGLI\ FRQGLWLRQV VXUURXXHAUH FRUPK® HHIQJIH RI R
portunities for modifying the water chemistry of affected ecosystems such

DV FRUDO UHHIV WKURXJK HQJLQHHULQJ DV ZHOO DV ELF
opportunity may be to actively encourage the growth of sea grass, which

will reduce the amount of carbon dioxide through photosynthetic processes

by day (Unsworth HW DO 7KHUH PD\ DOVR EH RSSRUWXQLWLH
pump water with low amounts of carbon dioxide or to directly apply alka -

OLQH PDWHULDOV LQ RUGHU WR PRGLI\ WKH ORFDO WHPSHI
RSSRUWXQLWLHY DUH FXUUHQWO\ EHLQJ H[SORUHG *%5)
FDQ DOVR UHGXFH WKH LPSDFW RI FRDVWDO GHYHORSPHQ
WLHY FORVH WR WKH UHHIV DV ZHOO DV UHGXFH WKH LPSDFW RI WRXULVWYV E
EHUV ,Q WKH 5HG 6HD RYHUSDVV EULGJHVY KDYH EHHQ EXLOW WR DOORZ SDV
DYRLG WKH GHVWUXFWLRQ RI WKH UHHI FORVH WR WKH VKRUH 'HIRUHVWDWLR
EH UHGXFHG LQ RUGHU WR UHGXFH VHGLPHQWY DQG QXWULHQWY LQSXWV WR

< Building reef resilience 2FHDQ DFLGLNFDWLRQ KDV WKH SRWHQWLDO WR UHGXFH \
UHFRYHU DIWHU GLVWXUEDQFHYVY VXFK DV F\AFORQHV FURZQ RI WKRUQV VWDUN
E\ VORZLQJ WKH FDOFLNFDWLRQ DQG JURZWK UDWH RI FRUDODY®QG RWKHU
order to give coral reefs the best chance of recovering after these events, it will be important to reduce

WKH LQOXHQFH RI RWKHU ORFDO VWUHVYV IDFWRUV VXFK DV GHFOLQLQJ ZDWH
DQG WKH GLUHFW GHVWUXFWLRQ RI FRUDGWED K XP-RM ML YXOEGEMN DJDEULFLXV
ODUVKDOO DQG 6FKXWWHQEHUJ ,Q WKLV UHJDUG LW ZLOO EH LPSRUW|
planning to create marine protected areas, while at the same time increasing the management of coastal

FDWFKPHQW V\VWHPV VR WKDW WKH PRYHPHQW RI QXWULHQWY DQG VHGLPH
preserving sea grasses and mangroves (Hughes HwW DO

< Broadening opportunities for coastal communities 7KH GHYHORSPHQW RI WRXULVP DWWUDI
WKRVH EDVHG RQ KHDOWK\ UHHI V\VWHPV PD\ EH D YLDEOH DGDSWDWLRQ )R
XQGHUZDWHU VFXOSWXUH JDUGHQV WKDW GLYHUV FDQ HQMR\ 'HFDLUHV 7D\O]
DQG KHDOWK UHODWHG UHOD[DWLRQ PD\ EH LPSRUWDQW DOWHUQDWLYHV LQ

< ,QQRYDWLYH NQDQFLQJ TRX WIG/DNS WDW\R XVHU IHHVY SXEOLF SULYDWH SDUW
HW DO LOWHUQDWLRQDO NQDQFLQJ DQG VSRQVRUHG ZD\V WR LPSURYH WKH
EH H[SORUHG HVSHFLDOO\ LQ SRRUHU FRXQWULHYV 2SSRUWXQLWLHV IRU SHR
UHSUHVHQW DQRWKHU RSSRUWXQLW\ LQ WKLV UHJDUG %XLOGLQJ EHWWHU Q
platforms, will also improve the capacity of coastal communities to maintain the ecological resilience of

WKHLU UHHIV 6LPSOH VWUDWHJLHY LQFOXGH HQFRXUDJLQJ ORFDO XQLYHUVL
LOQWHUQVKLS RSSRUWXQLWLHY WR JHW WKHP WR EH VWDNHKROGHUYV LQ IXWXI



5SHIHUHQFHYV

$PHOXQJ % I1LFKROOV 6 9LQHU ' ,PSIXUKDBIWLRQY RIUDBRP !

FOLPDWH FKDQJH IRU WRXULVP ORZV DQG VHDVRQDBNWRQ-RX%YQBO

5HVHDUFK 3 - 6WHQHFN 5 ¢
Rising to the challenge

%XUNH / B5H\WDU . 6SDOGLQJ O 3HUU\ $ of Sgustaivin® Weoral VrRefu H

RUOG 5HVRXUFHV ,QVWLWXWH :DVKLQJWRQ '&HVLEBEHQFH 7UHQG

(YROXWLRQ

&HVDU + 6 - %XUNH / 3HW 6RHGH / 7KH HFRQRPLFV RI
ZRUOGZLGH FRUDO UHHI GHJUDGDWLRQ &HVDU+KIXKHYRQPBQWIRX®G
&RQVXOWLQJ &((& *+ $UQKHP 7KH IHWKHUODRBVWOZRREG ' 5

+RHJIK *XOGEHUJ 24

'H,DWK * )DEULFLXV . ( 6ZHDWPDQ + 3XRWEBR® 0 OROWKNHKDQNS

\HDU GHFOLQH RI FRUDO FRYHU RQ WKH *UHDW 3ADWWAKHWIH I BQ G\

BURFHHGLQJV RI WKH 1DWLRQDO $FDGHP\ RI 6FULH®ANNVIRI WKH3EQ

6WDWHV RI $PHULFD herbivory, and the resilience
of coral reefs to climate
'"HFDLUHV 7D\ORU - 8QGHUZDWHU VFXOSWKDQJIBHDUGMNQURQWD

KWWS Z7Z7ZZ XQGHUZDWHUVFXOSWXUH FRP SURMHFWYV PH[LFR

'"HORLWWH $FFHVV (FRQRPLFV (FRQRPLF IFORQ W201L2E X WiarR@ngR |
*UHDW %DUULHU 5HHI *UHDW %DUULHU 5HHWKH ULRH NBWD UNRI$X W
7TRZQVYLOOH $XVWUDOLD SS (YHQWYVY DQG 'LVD

Advance Climate Change
'RYH 6 * .OLQH' , 3DQWRV 2 $QJO\) ( -7\VR@DSWDWLRIKIK, @X)L 4
OGEHUJ 2 YXWXUH UHHI GHFDOFLNFDWLROXPD XQGWHU [ BBWHFQP|
XVXDO &2 HPLVVLRQ VFHQDULR 3URFHHGL-QJ\of RVorking Ksraupsm LaRQID O JEas
P\ RI 6FLHQFHV RI WKH 8QLWHG 6WDWHV RI $PHU LFD Intergovernmental

3DQHO RQ &OLPDWHE
JDEULFLXV . ( +RHJK *XOGEHUJ 2 -RKQVRQ -CanfoFidg® Rimversity AREXSI K
- 9XOQHUDELOLW\ RI FRUDO UHHIV Rl W&BPEWHDBWH % BU U DU,
FOLPDWH FKDQJH ,Q -RKQVRQ - ( ODUVKDOCRGN $1<(B¥$ &OESDWH
change and the Great Barrier Reef : A vulnerability assessment, Part

,,, +DELWDWV &KDSW *UHDW %DUULHU 5HHODDVKQOXBBUS $X0F KR WIWHQEH® J + = $ 5HHI 0DQD

$XVWUDOLDQ *UHHQKRXVH 2INFH 7RZQVYLOOHWRXWWRUDOLBOHDFKLQJ *UHDW %DUULHU 5HHI 0DULQ
7TRZQVYLOOH $XVWUDOLD SS

*UHDW %DUULHU 5HHI )RXQGDWLRQ *%5) 2FHDQ $FLGLNFDWLRQ D

UHVHDUFK IUDPHZRUN %ULVEDQH $XVWUDOLD3-UWQHU + 2 .DUO ' %R\G 3 : &KHXQJ: /OXFK &RW
< 6FKPLGW ' 1 =DYLDORY 3 2FHDQ V\VWHPV

+RHJK *XOGEHUJ 2 $QWKRQ\ . %HUNHOPDQVY% HWYBO6 (GVWEUKIOXNAWPDWH &KDQJH ,PSDFWV $GDS

/IRXJK - ODUVKDOO 3 YDQ 2SSHQ 0 - + O9XHIQHUPELOUOWLMBDAW $ *OREDO DQG 6HFWRUDO $VSH

9XOQHUDELOLW\ Rl UHHI EXLOGLQJ FRUDOVRRULWKRHURX®DW WBUWKHULIWHKI $VVHVVPHQW 5HSR
WR FOLPDWH FKDQJH ,Q -RKQVRQ - ( ODUVKPIO@QWD G 30QNMO RO EPLWBWH &KDQJH &KDSW &D
change and the Great Barrier Reef: A vulnerability assessment, Part 3UHVV &DPEULGJH 8QLWHG .LQJGRP DQG 1HZ <R 1
,, 6SHFLHV DQG VSHFLHV JURXSV &KDSW *UHDW %DUULHU 5HHI ODULQH
3DUN $XWKRULW\ DQG $XVWUDOLDQ *UHHQKRXVH 2INFH 7RZQVYLOOH $XV
wubDOLD 5HDND .XGOD 0 [/ 7KH JOREDO ELRGLYHUVLW\ RI

FRPSDULVRQ ZLWK 5DLQ )RUHVWYV ,Q 5HDND .XGOD 0

+RHJK *XOGEHUJ 2 $TRUDX 7 $UQDVRQ 5 EKBYVLUWALRGLMBUSMIRNG ,, 8QGHUVWDQGLQJ DQG 3URWH|
'"HPRQH + (DUOH 6 JHHOH\ 0 + *XWLHUUH] 8HVROOERWVWQ &KDSMLL -RVHSK +HQU\ 3UHVV

/ILVFKHZVNL & /IXEFKHQFR - 1JX\HQ . $ 2EXUD ' 3D\HW + ( 5

1IHURQL 60DGH 7 7DQ]JHU - :LOOLDPV - + - :UBQNWRUWK 5X - ) &RPLOLHU & - +HQGHUVRQ * 0
GLVSHQVDEOH RFHDQ DOLJQLQJ RFHDQ KHDOWK DQG KXRBQFDHO U HMHILFPIVYV PHDGRZV PRGLI\ VHDZDW
Guidance from the Blue Ribbon Panel to the Global Partnership for chemistry: implications for coral reefs impacted by ocean

2FHDQV :RUOG %DQN :DVKLQJWRQ '& SS DFLGLNFDWLRQ (QYLURQPHQWDO 5HVHDUFK /HWWHUV

+RHJK *XOGEHUJ 2 &DL 5 3RORF]DQVND ( 6 9%MURBRHU 3 *1 6XRBEK *XOGEHUJ 2 /IHQWRQ 7 O IRX
6 +LOPL . )J)DEU\ 9 - -XQJ 6 7KH RFHDREXQD)LH@QG &HRWFBOHOO\ 3 6KHSSDUG & 5 & 6SD
(GV &OLPDWH &KDQJH ,PSDFWV $GDSWDAMIRQRWE GPINOIQHUDELS5RIHUV § 7KH FRUDO UH
OLW\ 3DUW % 5HJLRQDO $VSHFWV &RQWULEXWURY LFID:®R UNLSRUWRQBH, RVR WK$HSP &2 ODULQH 3ROO
JLIWK $VVHVVPHQW 5HSRUW RI WKH ,QWHUJRYHUQPHQWDO 3DQHO RQ &OLPDWH
&KDQJH &KDSW &DPEULGJH 8QLYHUVLW\ 3UHVV

:LOG & +RHJK *XOGEHUJ 2 1DXPDQQ 0 6 &RORPER 3I
+RHJK *XOGEHUJ 2 +RHJK *XOGEHUJ + 6BWRXW SWHZHEWDKDIQ 0 )LWW @ . ,JOHVLDV 3ULHWR 5 3
7LPPHUPDQ $ 3DFLNF LQ SHULO ELRORJLFDO RABWQRPLE DQR\DIK YDQ :RHVLN 5 &OLPDW
FLDO LPSDFWV Rl FOLPDWH FKDQJH RQ 3DFLNF IFRRAHGHYMFIQHYDHMWQRHDRHFRUDOV DV SULPDU\ UHHI HF
5HSRUW *UHHQSHDFH SS ODULQH DQG )UHVKZDWHU 5HVHDUFK

+XJKHV 7 3 &DWDVWURSKHYV 3KDVH 6KLTW& DQGFKBUFRGRBIOH,PSDFW RI 7UDYHO - 7RXULVP
'"HJUDGDWLRQ RI D &DULEEHDQ &RUDO 5HHI 6BIRHDFH RUOG 7UDYHO 7RXULVP &RXQFLO &RXQFL
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02'(//,1* $6 $ 722/ 72 (9%/
IMPACTS OF

'DYLG <RVNRZLW] FKDLU -DPHV 2UU IDFLOLWDWRU ODULD ODQH] IDF!
*DWWXVR 6DUDK -HQQLQJV 5RGULJR 7TRUUHV

7KH UROH RI PRGHOOLQJ LQ DGGUHVVLQJ WKH LPS
RQ FRDVWDO FRPPXQLWLHV

ORGHOOLQJ RI WKH ELRSK\VLFDO HFRQRPLF DQG VRFLDO FRPSRQHQWYV
HVVHQWLDO LQSXW WR WKH GHYHORSPHQW RI SROLF\ DQG PDQDJHPHQW
LPSDFWYV 6SHFLNFDOO\ WKH GHYHORSPHQW DQG XVH RI PRGHOV DQG
IROORZLQJ VWDJHV RI WKH DGDSWLYH SROLF\ PDQDJHPHQW F\FOH

3,VVXH LGHQWLN F D W L RipougtQp@d@tlod of @riRacts @n marine systems, and dependent

HFRQRPLF DQG VRFLDO V\VWHPV 7KLV LQYROYHV SUHGLFWMQheWKH HIIH
HFRV\VWHPY DQG WKH DYDLODELOLW\ DQG TXDOLW\ RI HFRV\VWHP VHUY|
these changes on social wellbeing, for likely RFHDQ DFLGLNFDWLRQ VFHQDULRéAn 7KH WR
D F L G L N Fd»Wtal ket (protein and tourism) and non-market (biodiversity and storm protection)

VHUYLFHVY DQG RQ WKH VWUXFWXUH DQG IXQFWLRQLQJ RI VRFLDO HFRV\\
IXUWKHU DVVLVW LQ KLIJKOLJKWLQJ UHJLRQV FRPPXQLWLHY ZKHUH LPSDF\
is, where vulnerabiltyto RFHDQ DFLGLNFDWLRQ LV JUHDWHVW

3 (YDOXDRMLBQWHUQDWLYH SROLFLHVY DQG WKH GHYHORSPHQW RI DGDSW
,PSRUWDQWO\ LQ WKLV FRQWH[W WKH\ FDQ LGHQWLI\ WKH GLVWULEXWL
individuals, stakeholder groups, and geographical and temporal scales, thereby highlighting potential

FRQOLFWYV

3 ,PSOHPHQ WwiDdlteknatiyes by highlighting trade-offs, social learning, communication,
HQJDJHPHQW DQG FDSDELOLW\ EXLOGLQJ ,PSRUWDQWO\ WKH\ FDQ VXS
WR GHYHORS FRPPRQ V\VWHP XQGHUVWDQGLQJ DQG GHNQLWLRQV RI LPS
GLIITIHUHQFHVY LQ VWDNHKROGHU YDOXHY DQG JRDOV

3 $VWHVVRHAWMHFWLYHQHVY RU +DGHTXDF\, RI SROLF\ PDQDJHPHQW DGD*
for continuous updating of knowledge and system understanding, and for changes in social and
HFRQRPLF LQVWLWXWLRQV DQG YDOXHV

$GGLWLRQDOO\ DW WKH FRPPXQLW\ VFDOH PRGHOV FDQ SURYLGH D SODYV
NQRZOHGJH SURGXFWLRQ DQG LW,V XVH IRU GHFLVLRQ PDNLQJ DQG DFWL

3.0RZOHGJH FUHDWRUV E\ EXLOGLQJ DZDUHQHVV RI WKH LPSDFWV RI RFHEL
IRU VRFLHWLHYV

3.QRZOHGJH XQLNHUV E\ FUHDWLQJ D FRPPRQ XQGHUVWDQGLQJ RI NQRZC

3)DFLOLWDWRUV LQ WKH DWWULEXWLRQ RI WKH LPSDFWV RI RFHDQ DFLGL!
support tools, improving operational decision-making of local resource and environmental managers

DQG E\ HQDEOLQJ EXVLQHVVHVY WR GHYHORS HYDOXDWH DQG SULRULWL
UHVLOLHQFH



&XUUHQW PRGHOOLQJ DFWLYLW\

:LWK UHODWLYHO\ IHZ H[FHSWLRQV WKH XVH RI PF
GHYHORSPHQW RI RFHDQ DFLGLNFDWLRQ SROLF\ RU \
SDWKZD\V LV UDUH %ODFNIRHME DO FQ ENRDKN

DO +HUH ZH SURYLGH D EULHI RYHUYLHZ RI DU
PRGHO GHYHORSPHQW DQG XVH

30RGHOOLQJ RI WKH FKHPLVWU\ RI RFHDQ DFLGLNFDWLRQ DW WKH JOREDO
WLYHO\ OLWWOH XQFHUWDLQW\ DERXW VXUIDFH RFHDQ DEBGLNFDWLRQ IUR
Doney et al 5HJLRQDO GLIIHUHQFHY LQ UDWHYV RI DFLGLNFDWLRQ DUH LC
ORQJLQ DQG %DLUG DQG XQFHUWDLQW\ LV PDLQO\ LQ ,3&& HPLVVLRQ V
now aimed at increasing global model resolution to better resolve coastal regions and to provide

ERXQGDU\ FRQGLWLRQV RI UHJLRGDO PRE@NKBMUEABDOPL2UL

3Broad hypotheses on changes in abundance of exploited species due to RFHDQ DFLGLNFDWLRQ
some based on population dynamics or ecological models, have been used in conjunction with

SUH H[LVWLQJ ELR HFRQRPLF PRGHOV WR WUDFH WKH LPSDFW RI DFLGLNF
SHUIRUPDQFH RI FRPPHUFLDO NVKHULHVY RU OHYHO RI PDULQH SURWHLQ

PRGHOOLQJ KDV DOVR VRPHWLPHVY FRQVLGHUHG GLVWULEXWLYH LVVXHV |
DQG RU GRZQVWUHDP HFRQRPLEt&PSDFW)YO¥EDINWK

3Some modelling of the socio-economic impacts of RFHDQ DFLG LNFE bedhLder®, focusing
PDLQO\ RQ WKH VWXG\ RI WKH PRVW YXOQHUDEOH HFRV\VWHPV FRUDO UHHI
DUH VWURQJ OLQNV WR FRPPHUFLDO RU OLYHOLKRRG FRQFHUQVetH J NVKH
al & RR& &\ 0 D VeKal vV 5DQNLQJ RI FRXQWULHY RU SODFHV DFF
YXOQHUDELOLW\ LV DQ RQJRLQJ WDVN VXSSRUWHG E\ LPSDFWetALVN RU Y XC

"LITHUHQW IUDPHZRUNVY DVVXPSWLRQV DQG GDWD VHWYV DUH XVHG PDI
SROLF\ DQG PDQDJHPHQW FRQFOXVLRQV EDVHG RQ PHWD DQDO\VLV RI VXI
VWXGLHV IRFXV RQ YXOQHUDELOLW\ WR WKH DFLGLNFDWLRQ KD]DUG D
resulting from a combination of stressors (Mathis et al & RRéD &l \

3Compared to many other areas of environmental change, there are few studies of the monetary

YDOXH RI WKH ORVV RI QRQ PDUNHW HFRV\WVWHP VHUYLFHV VXFK DV ELRGL
valuable species) due to RFHDQ DFLGLNFDWLRQ 7KHUH KDV EHHQ VRPH PRGHOO
estimates of the monetary values of the service rendered by the oceans to humans through carbon
VWUDWHIJLHWHWW+BO]RJ

,Q VXPPDU\ ZKLOH PRGHOOLQJ RI WKH FKHPLVWU\ R, RISMDN B AL@GGE NRADWK IR
GLUHFW HIIHFWV RQ VRPH NH\ FRPPHUFLDO KDELWDWYV DQG VSHFLHV LV UHI
RI WKH LPSDRFRFMH\D RIDFLGLNFDWLRQ RQ RWKHU FRPSRQHQWY RI PDULQH VF
DQG RI WKH HFRORJLFDO DQG KXPDQ EHKDYLRXUDO SURFHVVHV LQFOXGL(
WKH HITHFWV Rl RFHDQ DFLGLNFDWLRQ RQ ELRWD WKDW GULYH WKHVH LPS
JHQHUDO IRFXV WR GDWH RQ JOREDO UDWKHU WKDQ UHJLRQDO DQG FRPP.
RI SK\VLFDO DQG ELRORJLFDO SURFHVVHYV DQG LPSDFWV UDWKHU WKDQ WKI
RQ PRGHOOLQJ WKDW UHSUHVHQWY PXOWL UDWKHU WKDQ LQWHU RU WUL
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SULRULW\ DUHDV IRU PRGHOOLQJ GHYHORSPHQW
DFLGLNFDWLRAQ

KLOH UHFRJQL]LQJ WKH QHHG WR EXLOG XSRQ DUHDV RI H[LVWLQJ PRGHOUC
QHHGV LQ NYH NH\ DUHDYV

3 $IRFXVRQPDULQH VRFLR HFRORJLFDO VA\VWHPVY DQG FRPPXQLW\ VFDOH
ofthe processesof RFHDQ D F L G LiNdo&swl mBripe environments, and of the pathway to impact

RQ FRDVWDO VSHFLHVY DQG HFRV\VWHPV +RIPDQQ DQBW BKH O DLGHOXE H U
Do 5LHEHVHOO DQG *DWWXVR +RZHYHU ZKLOH WKH RSHQ RFHDC
ZHOO XQGHUVWRRG LW LV DW D FRDUVH VFDOH *DSV VWLOO SHUVLVW R
HFRV\VWHPYV DQG FRPPXQLWHW DO (NMWBBER D O .URHNWUD O *RGEROG
DQG &DORVL $V D FRQVHTXHQFH WKH DSSOLFDELOLW\ DQG WUDQ
PRGHOV DQG RU PRGHO UHVXOWV WR WKH DVVHVVPHQW RI SURFHVVHV RI
environments is limited (Haigh HW DO *DWWHKWRDO 'XDUMMA DO &RROGHN DO
JXUWKHUPRUH WKH FRPSOH[LW\ RI WKH SK\VLFV GXH WR WKH JHRPRUSK
from the land and the continental shelf, present additional challenges to developing physical and

FKHPLFDO PRGHOV IRU WKH FRBWWIXO (18X H'Y®DRVEHD O 7TKHUH LV D QHHC
IRULQWHJUDWHG FRDVWDO PRGHOV WR FDSWXUH WKH ODQG VHD FRQWLQ

3 Attempts to assess the impacts of  ocean
D FL GLNF briwdidb@ical communities using
ecosystem models that include foodwebs and
feedbacks are still in their infancy (Haigh et al

5LHEHVHOO DQG *DWWXVR 'X S
3-UWQHU WWDQFK /H 4XHVQH
DQG 3LQQHJIDU 7KHUH DUH VX

gaps in the knowledge needed to predict the
biological, chemical, and ecological impacts
Rl DFLGLNFDWLRQ DQG GLUHFW FDVF
in the food web or indirect impacts through
PRGLNFDWLRQ RI KDELWIBWDGRIPDQQ
1D U Lewdd 6&%" *D VHW/X 0 B
%LRGLYHUVLW\ DQG DEXQGDQFH F

groups and key species, of commercial or
cultural value, are likely to be affected but the
changes in community composition are highly
unpredictable and remain unknown (Hilmi etal

& R R @tah 7KLV LV EHFDXVH GLII
ecological paths, the variability in sensitivities
DQG DGMXVWPHQWY WR RFHDQ DFLGLNF
et al :LWWPDQQ DQG 3-UWQHU

DQG WKH DGDSWLYH UHVSRQVH

DQG DTXDFXOWXUH SUDFWLFHV* DQG
drivers which depend on many factors (cultural,
HFRQRPLF WHFKQRORJLFDO DQG LQ\
are challenging to model (Cooley et al
/IH 4XHVQH DQG 3LQQHJIDU ,Q D
there is a high concentration of single studies
on crustacean, echinoderms, and mollusks
to the detriment of more holistic ecosystem
approaches that consider commercially
VLIQLNFDQW QRQ FDOFDUHRXY VSHFL
al 5LHEHVHOO DQG *DWWXVE
*RGEROG DQG &DORVL HW DE&UDQFK
Munday HW DO 'RQHMW DO % RW K
WKHRUHWLFDO IUDPHZRUN PRGHOV K
types of coastal ecosystems and empirical
models calibrated to local and community
level conditions are needed (Haigh HW DO
5LHEHVHOO DQG *DWWXWR/ DO *ULINWK
While empirical models do not necessarily need
to be very detailed, they should be designed
with a capacity to be fed by observational data
WR HINFLHQWO\ DGGUHVV FKDQJHV L
FRPSRVLWLRQ DQG NVKLQJ SUHVVXUH




37KH LPSHUDWLYH WR LQIRUP SROLF\ PDNHU
economic and social cost of RFHDQ DFLGLNFDWLRC
particularly in areas most immediately vulnerable, will
continue to be strong and models of social and economic
LPSDFWV QHHG WR EH IXUWKHU GEMWY,DPORSHG
ORRUH ethlo P L JLHOG G&RROH\

DO 1D U levdID 7KH HFRQRPLFV RI FRPPHUF
sectors likely to be strongly impacted by ocean
DFLGLNFDWLRQ VKRXOG EH IXUWKHU PRGHOO!|
PHQWLRQHG DERYH*ELR HFRQRPLF PRGHOV LQ
DTXDFXOWXUH HFRQRPLFV Rl WRo¢éah VP WKDW
DFLGLNFand tlimmge change (Cooley and Doney,

ORGHOV VKRXOG H[SOLFLWO\ DGGUHVV L
synergies between the human and ecological systems

*ULINMMK DO /H 4XHVQH DQG 3LQQHJDU

RYHUDOO VWUXFWXUH RI ORFDO UHJLRQDO Q
must also be considered when there is high dependency
RQ NVKHU\ DTXDFXOWXUH DQG UHFUHDWLRQLI
DQG 'RQH\ ' RIQaH \ +LEBML DO
(FRQRPLF DQG RWKHU VRFLDO LPSDFWV DV Z
capacity, should be studied at the individual, community,
and country levels particularly in places where livelihoods
depend on the availability and access to natural
resources and where alternative opportunities are limited,
not only as a source of income but also for protein or
material supply (Cooley et al $OOHWRDO
A strong focus on models which can be used to predict
long-term impacts and costs of RFHDQ DFLGLBWFDWLRQ
non-market ecosystem values, particularly biodiversity, is
essential given the potential magnitude and irreversibility
RI FKDQJHV &RROH\ DQG 'RQH\ 7KH
alternative mitigation or adaptation strategies is also an 15
important component to be modeled to inform policy and
WKH SULRULWL]DWLRQ RI DGDSWDWLRQ DQG P

36RFLHWDO DFWLRQ LV JHQHUDOO\ PRUH OLNHO\ WR EH SUHFLSLWDWHG

ULVN DV KDV KDSSHQHG ZLWK FRUDO EOHDFKLQJ +RZHYHU DQWLFLSDWLL

SUHSDUHGQHVY DUH LPSRUWDQW FRPSRQHQWYV RI WKH FDes&FLW\ WR FRSH

Awareness is generally not raised through one-way science communication to the public and to

decision-makers, but through actions that are directed to gain traction in the mitigation of ocean

D FLGLNF ulhdradities and CO , emissions at smaller scales such as local, jurisdictional, and

VWDWH JRYHUQPHQWY 7XUOH\ DQBWID/MOWXBRUWLFLEDWRU\ SROLF\ UHVHI

modelling practices that engage the various stakeholders, decision-makers, managers and group

representatives from the outset in OA risk analysis and vulnerability assessments of local conditions

DQRG QHHGYV DUH OLNHO\ WR LPSURYH UHDGLQH\WWNal DQG D&BHRMAWO. YH FDSDFLW

&RROH\ ‘HLFKVHOJDUWQHU DQG ODUDQGLQR "LITHUHQW NLQGV R

TXDQWLWDWLYH FRQFHSWXDO DQG QXPHULFDO IRU YLVXDOL]DWLRQ RQO\

be used to facilitate a rich two-way science-policy communication process that is both collaborative

and integrative in its nature (van der Molen et al ODNLQR DQG 6DNXUDL &KDUOHYV
ORGHOV FDQ FRQGHQVH DQG VIQWKHWL]H LQIRUPDWLRQ VHUYH DV 11U

WKH\ FDQ EH XVHG WR GHYHORS QDUUDWLYHV IRU SDUWLFLSDWRU\ IRUHV/

scenarios can take into account alternative pathways of RFHDQ DFL G Likpaots\onR@system

VWUXFWXUH IXQFWLRQV VHUYLFHV DQG ZHOO EHLQJ RU DOWHUQDWLYH |

cases, such as coral reef degradation, a wide range of impacts can be considered beside those on

PDULQH RUJDQLVPV SDUWLFXODUO\ ZKHUH ELRGLYHUVLW\ FRQVHUYDWLRC

GULYHU

3As modelingof RFHDQ DFLGLNFDWLRQ PRYHV IURP SUHGLFWLQJ WKH H[WHQW
to the uptake of CO , to focus on biological and ecological, and social and economic impacts, there
is also a need to broaden the focus of models to include multiple interacting climate-related and

RWKHU GULYH®EMN (NVWUHDReg& O 5LHEHVHOO DQG *DWWHXWRD O +DUYH
+RIPDQQ DQG 6FKHOOQKXEHU ,Q D VLPLODU PDQQHU LQFUHDVLQJ W
multiple competing sectors and a non-linear treatment of relations among components (Hilmi HW DO

ZLOO LPSURYH WKH UHOHYDQFH RI WKH PRGHOV IRU SROLF\ SXUSRVHV
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&DSDFLW\ FRQVWUDLQWYV

ORGHO GHYHORSPHQW DQG XVH DUH W\SLFDOO\ UHVRXUFH LQWHQVLYH DFV
WKHUH ZLOO DOzZD\V EH WKH QHHG WR SULRULWLVH PRGHOOLQJ QHHGV  *(
EH OHVV FRQVWUDLQLQJ ZKHUH PRGHOOLQJ RFFXUV ZLWKLQ DQ HQYLURQF
UDWKHU WKDQ VLORHG HITRUWY WKDW RQO\ FRPH WRJHWKHU DW WKH HQGC

3 While many solutions will be designed and implemented at the local level, and supported by

DSSURSULDWHO\ VFDOHG PRGHOV WKHUH LV D VWURQJ QHHG IRU VKDUL(
OHFKDQLVPV IRU GDWD VKDULQJ ZLOO EH SDUWLFXODUO\ LPSRUWDQW D
DFURVV WKH ELRORJLFDO DQG VRFLDO VFLHQFHY DUH UHTXLUHG WR LQIR

37KH QHHG IRU D VWURQJHU IRFXV RQ SDUWLFLSDWRW PRGHBQNYRGUDF
et al WKDW VXSSRUW NQRZOHGJH FUHDWLRQ DQG XQLNFDWLRQ DW WK
UHOHYDQW PRGHOV ERWK UHTXLUH JUHDWHU HPSKDVLVY RQ WKH UROH RI H
DQ LPSRUWDQW UROH IRU +NQRZOHGJH E U R NeHathgionf) Qo &® whtBIQilIDFLGLNF D
QHHG WR EH HPSRZHUHG WR DFW DV WUDQVODWRUV 1*2V PRWMOD\ DQ LP
JURXSY VXFK DV WKH :DVKLQIJWRQ 6WDWH %OXH 5LEERQ 3DQHO :DVKLQJW

3 :KLOH QRW XQLTXH WR RFHDQ DFLGLNFDWLRQ PRGHOOLQJ RI VRFL
interdisciplinary approaches to support proper system-level knowledge creation and understanding

(Armitage HW DO  [leial 7KH FKDOOHQJHV WR HIIHFWLYH LQWHUGLVFLS
DQG LW ZLOO EH LPSRUWDQW WKDW WKH QH[W JHQHUDWLRQ RI PRGHOOH!I
RSHUDWH HIITHFWLYHO\ LQ WKLY HQYLURQPHQW

3&DSDFLW\ FRQVWUDLQW GHSHQGY RQ WKH DYDLODELOLW\ RI SURJUDPPLQ
LV FRQQHFWHG WR WKH LQIRUPDWLRQ WHFKQRORJ\ VHFWRU *RRJOH )DFF
SXEOLF ) SULYDWH SDUWQHUVKLS VKRXOG EH DGYDQFHG WR EULQJ WKLV L
modeling aspectsof RFHDQ DFLGLNFDWLRQ

SHIHUHQFHYV

$O0O0OLVRQ ( + 3HUU\'$ / %DGMHFN O & 1HLO $GJHU : %URZQ . &RQZD\' +DOOV $ 6 3LOOLQJ
1 . 9XOQHUDELOLW\ RI QDWLRQDO HFRQRPLHV WR WKH LPSDFWV RI FOLPDWH FKDQJH RQ NVKH
$UPLWDJH ' 5 30XPPHUS5 %HUNHV ) $UWKXU V5 , &KDUOHV $ 7 'DYLGVRQ +XQW , - 'LGXFN $
NH 0 OF&RQQH\ 3 BLQNHUWRQ ( : :ROOHQEHUJ ( . $GDSWLYH FR PDQDJHPHQW IRU VRFLDC
(FRORJ\ DQG WKH (QYLURQPHQW )

$XIGHQNDPSH $ . OD\RUJD ( 5D\PRQG 3 $ OHODFN - 0 'RQH\ 6 & $0LQ 6 5 $DOWR 5 ( <R
ELRJHRFKHPLFDO F\FOHV EHWZHHQ ODQG RFHDQV DQG DWPRVSKHUH )J)URQWLHUV LQ (FRORJ\ DQG
%ODFNIRUG - & BUHGLFWLQJ WKH LPSDFWV RI RFHDQ DFLGLNFDWLRQ &KDOOHQJHV IURP DQ
Systems 81(1-2):12-18

%UDQFK 7 $ 'H-RVHSK % 0 5D\ / - :DIJQHU & $ ,PSDFWV RI RFHDQ DFLGLNFDWLRQ RQ PDI
(YROXWLRQ

%UDQGHU / 0 5HKGDQ] . 7RO 5 6 - YDQ %HXNHULQJ 3 - + 7KH HFRQRPLF LPSDFW RI RFHD
&KDQJH (FRQRPLFV

&KDUOHV $ 3HRSOH RFHDQV DQG VFDOH *RYHUQDQFH OLYHOLKRRGVY DQG FOLPDWH FKDQJH
VI\VWHPV &XUUHQW 2SLQLRQ LQ (QYLURQPHQWDO 6XVWDLQDELOLW\

&RROH\ 6 5 +RZ KXPDQ FRPPXQLWLHYVY FRXOG +IHHO, FKDQJLQJ RFHDQ ELRJHRFKHPLVWU\ &XL
QDELOLW\

&RROH\ 6 'RQH\ 6 & $QWLFLSDWLQJ RFHDQ DFLGLNFDWLRQ,V HFRQRPLF FRQVHTXHQFHV IR
5HVHDUFK /HWWHUV

&RROH\ 6 5 IXFH\ 1 .LWH 3RZHOO + 'RQH\ 6 & IXWULWLRQ DQG LQFRPH IURP PPROOXVFV WH
FDWLRQ WRPRUURZ )LVK DQG )LVKHULHYV

'RQH\ 6 & J)DEU\ 9 - JHHO\ 5 % .OH\SDV - % 2FHDQ DFLGLNFDWLRQ 7KH RWKHU &2 SUREOH
'XDUWH & 0 +HQGULNV , ( ORRUH 7 6 20VHQ < 6 6WHFNEDXHU $ 5DPDMR / &DUVWHQVHQ -
DFLGLNFDWLRQ DQ RSHQ RFHDQ VIQGURPH" 8QGHUVWDQGLQJ DQWKURSRJHQLF LPSDFWV RQ VHDZDW
%UDQGHU / 0 5HKGDQ] . 7RO 5 6 - YDQ %HXNHULQJ 3 - + 7KH HFRQRPLF LPSDFW RI RFHD
&KDQJH (FRQRPLFV

&KDUOHV $ 3HRSOH RFHDQV DQG VFDOH *RYHUQDQFH OLYHOLKRRGVY DQG FOLPDWH FKDQJH
VIVWHPV &XUUHQW 2SLQLRQ LQ (QYLURQPHQWDO 6XVWDLQDELOLW\

&RROH\ 6 5 +RZ KXPDQ FRPPXQLWLHYVY FRXOG +IHHO, FKDQJLQJ RFHDQ ELRJHRFKHPLVWU\ &XL
QDELOLW\

&RROH\ 6 'RQH\ 6 & $QWLFLSDWLQJ RFHDQ DFLGLNFDWLRQ,V HFRQRPLF FRQVHTXHQFHV IR

5HVHDUFK /HWWHUV



&RROH\ 6 5 /XFH\ 1 .LWH 3RZH®DORL 1 'RQ®HPDQG ' 'XSRQW 6 20DUD-% +DEDO®YV- $XPRQW 2 %RSS
6 & IXWULWLRQ DQG LQFRRHRQURPLPROWXY $ / ' ORRUH & R@BWBRP RHHO\ 5$ *QDQDGHVLNDQ
FV WRGD\ LPSO\ YXOQHUDELOLWA S‘RQRKEDE DMELMSBIQFHU - 0 )EQMEMHU AIXUWKL&D $ -RRV ) .H\ 50 /
WLRQ WRPRUURZ )LVK DQG )LVKHULBNH 5 2UU - O0XQGD\ 3 / &RRDH) 60BLHU 5HLPHU ( ODWHDU 5 ORC(

7RZDUGV LPSURYHG VRFLR HFRQR®LFORNAKHW PBHQUWMMDU 5 * 30DWWQH

'"RQH\ 6 & )DEU\ 9 - JHHO\ 5 $ Rl ROAMHBQVDFLGLNFDWLRQ,V LPSDF®R/GJIMHDIL QW6 % IBIDERDH & / 6DUPLHQW

$ 2FHDQ DFLGLNFDWLRQ 7kKH RWKHU &2 SUR 6FKOLW]JHU 5 60ODWHU 5 "' - 7TRWWHUGH

EOHP $QQXDO 5HYLHZ RI ODULQH 6FLHQFH uLJ o0 ) <DPDQDND < <RRO $
+RIPDQQ * ( (YDQV 7 * _.HOO\ 0 $QWBGRSEBDH®LF RFHDQ DFLGLNFDWLR

'XDUWH & 0 +HQGULNV , ( ORFPURAR 7% /6 %DOVHERHWWH & $ DVKEWKHQWZHEW QXUWW FHQWXU\ DQG LWV

< 6 6WHFNEDXHU $ 5DPDMR / 0 &PUVWRAQONWHE $ *D\ORUG % +LEGOOFLO\LGD RBRUBQLVPV 1DWXUH

7TURWWHU - $ OF&XOORFK 0 - ( ,YDREHDHQODF&ERVH - 0 .DSVHQEHUJ / "XWWRQ

GLNFDWLRQ DQ RSHQ RFHDQ V\QGUBPH" B8Q@EWRWLQJ ORFDO DGDSWDWLRQ DQG WKH

tanding anthropogenic impacts on seawa - RFHDQ DFLGLNFDWLRQ VHDVFDSH 3DWKIGIUHV-LQ2WHKH- FR 'XWD\ - & %@

WHU S+ (VWXDULHV DQG &RDVOMMRUQLD FXUUHQW ODUJH PDULQHHWFRV\§FMKHPHLBHRIBRV%HXYLHU - 6
FLHQFHV 'LVFXVVLRQV 6 6LPXODWHG DQWKURSRJHQLF

'XSRQW 6 3-UWQHU + ODULQH VFLHQFH *HW VWRUDJH DQG DFLGLNFDWLRQ RI WKH

UHDG\ IRU RFHDQ DFLGLNFDWLRQ 1DRIRDEQ 0 6FKHOOQKXEHU + -- UDQHWBQ@®WFL%LRIHRVFLHQFHV
GLNFDWLRQ $ PLOOHQQLDO FKDOOHQJH (QHUJ\ (QYLURQ

(NVWURP - $ 6XDWRQL / &RROH\PHRWDO BHFQRBQHKM RQ 3DQGRON - 0 &RQQROO\ 6 5 ODUVKEL

/ + :DOGEXVVHU * * &LQQHU -- ( 5LWWHU - /DQJ &RKHQ $ / BURMHFWLQJ &RUDO

GRQ & YDQ +RRLGRQN 5 *OHGKLOBQVVRHOOPDB@GHUVVRQ / $ONDQ)XONWRY 8QGHWKHRREDO :DUPLQJ DQG |

%HFN 0 %UDQGHU / 0 5LWWVFKR | %' 'RKHBRW\SDUWLFLSDWRU\ MCFQ GSLINFD MALRS@ WeFEWH Q F H

& (GzZDUGV 3 ( 7 3RUWHOD 5 PRGHROQHEBELEBIWNHY RI LQOXHQFH RI VWDNHKROGHU

DQG DGDSWDWLRQ RI 86 VKHOON-V kil experipeispRetives iH EhQ@lineislons of particic - 3HUU\ 5 .,  %XQG\ $ +RIPDQQ ( (

GLNFDWLRQ 1DWXUH &OLPDWH &KDQIRU\ PRGHOLQJ :DWHU 6FLHQFHUR®GETLRBKRRIORBLFDO SURFHVVHV WR
QDEOH KXPDQ OLYHOLKRRGV 7KH FKD

JLHOG & % %DUURV 9 5 ODFK . - ODVWUDQGUHD 0 of understanding and managing chan -

' YDQ $DOVW 0 $GJHU : 1 $UHQWHOO\ 3% DUQHWAHY 0 0 )LVKHU : JEQJ)HMMULRH$S VRFLDO)HFRORJLFDO V

%HWWYV 5  %LOLU 7 ( %LUNPDQQ -+D&BHPRQ% 6&KDIHEEXVVHU * * &XDOERMODSOQBRQ LQ (QYLURQPHQWDC

' &KDOOLQRU $ - &KDWWHUMHH 0 &ODWHIUDWL@XNIORFDO FDXVHV-REIRFIHMWQ DFLGLNFD
VRQ ' - (VWUDGD < 2 *DWWXVR-- BLROLKILWKMLVWREB®J ODZV 6FLHQFH
JK *XOGEHUJ 2 +XDQJ + 4 ,QVDURY * ( -RQHV 3RKO & JURP VFLHQFH WR SROC
5 1 .RYDWV 5 6 5RPHUR /DQNDR.BRHNHWHQ- - .RUGDV 5 / &ULP 5 WMKURXIXIWYUDQVGLVFLSOLQDU\ UHVHDL
/IRVDGD , - ODUHQJR - $ OF/HDQ 5 ) 0BWDUmMYDO\VLV UHYHDOV QHJPWQWHD OH6WF LYDQAHD EGROLF\
2 OHFKOHU 5 ORUWRQ - ) 1LDQJIHIIHFNW.V7 RI2EERPKR DFLGLNFDWLRQ RQ PDULQH RUJD
-0 2SRQGR 0 3RORF]DQVND ( 6 QLBVBWQHBRORJIA /HWWHUV 4XHLU'V $ 0 JHUQDQGHV - $ )DXOZH
5HGVWHHU 0 + B5HLVLQJHU $ 5HYL $ G6FKPLGW ' 1 6 IXQHV - 5DVWULFN 6 3 6 OLHVIN
6KDZ 0 5 6ROHFNL : 6WRQH ' $ /HBWRIQWQH 0 -5 ) 3LQQHJDU - : 1 $UMH B®RL < <RRO $ &DORVL 3
6WU]JHSHN . 0 6XDUH] $ * 7VFKDNWH®QVBLDDDIOHSPWMWQYLRI RFHDQ DFLGIGNNDW LRQQEGRIDLY B IURPDUDQJH 0 &K
9LFX2D 6 9LOODPL]DU $ 9LQFHQW SK\VLRORHY WR MUMHULHY )LVK DQG: JLVKHWAIGNVFRPEH 6 6FDOLQJ
/ I :LOEDQNV 7 - 'RQJ 3 3 <RKH * XS H[SHULPHQWDO RFHDQ DFLGLNFDWI
7THFKQLFDO 6XPPDU\ ,Q )LHOG & % HW DO (GV &OLPDWH warming research: from individuals to the
&KDQJH ,PSDFWV $GDSWDWLRQLXDOQG '"2@XWQYPHUD &DUSHQWHU 6 5 HBREWWWHP 0*O REORMH&KDQJIJH %LR
ELOLW\ 3DUW $ *OREDO DQG 6HFWRUDBUIMBHFWYHR®R@WUL 'HDGPDQ 3 .UbDW] 7
EXWLRQ RI :RUNLQJ *URXS ,, WR WKHE FKIMKFBVYVHV2APMQRP ( 2X\DQJ = 3URYHQ
Report of the Intergovernmental Panel on Climate FKHU : 5HGPDQ & / 6FKQHLGHUS5BHBEHVHMMAORU *DWWXVR - 3
Change Cambridge University Press, Cambridge, o &RPSOH[LW\ RI &RXSOHG GHBPDQHmBQGAURP RFHDQ DFLGLNF
8QLWHG .LQJGRP DQG 1HZ <RUN 1<1BWXUP® 6\VWHPV 6FLHQFH VHDUFK 1DWXUH &OLPDWH &KDQJH
)O\QQ . - &ODUN ' 5 OLWUD $ ODELD® & +BOWKNQDL < 7TRZDOIBQCGINHWHIURWRSEHOO % 0 5XL] 33Ut
3 - *OLEHUW 3 0 :KHHOHU * / UBWHRBFRKIULQ NVKHULHV VFLHQFHD\HWKHS® LHRWRZEALGQEFEHO .DVVD + .Ql
%DOFNIRUG - & %URZQOHH & - 2FHDQ DFL $ 7KH UROH Rl SDUWLFLSDWRU\ PF
GLNFDWLRQ ZLWK GH HXWURSKLFDWLRQ ZLOO DOWHU IXWXUH in landscape approaches to reconcile
SK\WRSODQNWRQ JURZWK DQG VXEBPWKVYNVNRQ 7 3®&RREBH\ 6 5 /XFH\ 1 FRQOMUEDWNRQY URPG GHYHORSPHQW (
GLQJV RI WKH 5R\DO 6RFLHW\ % - +XUVW 7 +DXUL & (YDQV : EURGWVRFLHWY)HHO\

5 $ 2FHDQ DFLGLNFDWLRQ ULVN DVVHVVPHQW IRU
*DWWXVR - 3 %UHZHU 3 * +RHBOPXYOGEWH WV KRHU\ VHFWRU 3 URJU Fecvetdrigt o2 tReHdniqyénhiidn brediological
.OH\SDV - $ 3-UWQHU + 2 6FKPLGW ' 1 'LYHUVLW\ 6&%' $Q 8S-GDWHG 6\Q\
&URVV FKDSWHU ER[ RQ RFHDQ DFLGLNFDWLRQ ,Q VLV RI WKH ,PSDFWV RI 2FHDQ $FLGLN
JLHOG & % HW DO (GV &OLPDWHBR&KDQJIH %DLBG 0 7KH LQWR QDOFDNVL@QH HALHRRFBLY HUVLW\ (GV 6 +HQ!
SDFWV $GDSWDWLRQ DQG 9XOQHUMIEB®GRWRVIDWWKHY¥LYORDOFLNFDW LRRE HDUNMEV Z DI H: U OFLLLDAPXYV R Q 6&%' ORQ)
EDO DQG 6HFWRUDO $VSHFWV &R®iM bh Eaxbanldch€nistyl varihility on a coral 7THFKQLFDO 6HULHV 1R SDJHV
NLQJ *URXS ,, WR WKH )LIWK $VVHWHHIQ@WDHH SR PWGRIOWK®J VWXG\ (FRORJLFDO ORGHOOLQJ
Intergovernmental Panel on Climate Change, 7KRU 3 20LYD ( 2 2FHDQ DFLG
Cambridge University Press, Cambridge, United cation elicits different energetic responses
.LQJGRP DQG 1HZ <RUN 1< 86% ORRUH & :HOIDUH HVWLP D WiHah ARlic dndy &Rdo@at @pulation of the

RFHDQ DFLGLNFDWLRQ LQ WKH 8 6 PR®MWOXR/G PDHNGRIFD-RXQXYV DFXVSHV O
*RGEROG - $ &DORVL 3 - QDPIDRI WALLFXOWXUDO S5HVRXUFH%ERQRP\LFV
GLNFDWLRQ DQG FOLPDWH FKDQJH $GYDQFHV LQ
HFRORJ\ DQG HYROXWLRQ 3KLORVRSKLFDO 7UDQVDF 7XUOH\ & *DWWXVR - 3 - )XW XUH

WLRQV RI WKH 5R\DO 6RFLHW\ % ORUD & ‘HL & / B5ROOR $ $PDU Rogital atiDeEdR®ysemSmpacts of ocean

%LOOHWW ' %RSS / &KHQ 4 &ROMDMAIHALNFDDMRYPORG WKHLU-VRFLRHFRC
*ULINWK * 3 )XOWRQ ( $ *RUWRRRGD\ $5LFKMXGH % 0 +DOORUDQLF\LEPSQIFOWERQV &XUUHQW 2SLQLI
VRQ $ - BUHGLFWLQJ ,QWHRFWLRQY ®BPR@X¥LQ / $ 1DNDQRIRQPHRUMDQBXVWDLQDELOLW\
JLVKLQJ 2FHDQ :DUPLQJ DQG RFHDRBLWHILGIMGDD ( 5H[ 0 5XKO + $ 6PLWK & 5
WLRQ LQ D ODULQH 6\WWHP ZLWK6ZKRWROORV\VWHWRPXUEHU $ 5 7ML¥RQWUBGH-U )ORODMHAHIOLBXHQWH 5RGU®JIX|
ORGHOV &RQVHUYDWLRQ %LRORJ3 :DWOLQJ / X7 <DVXKDUD GBZDUW %LRWLF YDQ GHU :LQGW + -

and Human Vulnerability to Projected Changes 7KH FRSURGXFWLRQ RI NQRZOHGJH DQ
+DLJK 5 ,DQVRQ ' +ROW & $ 1HDW® 2FHDQ(GAMUBRFKHPLVWU\ RYH WyW goHstal yoVernarte) Megkating mus -
$ 0 (ITHFWV RI RFHDQ DFLGLNFDWGERE RQRWHPSH H VHO NVKHULHV DQG QDWXUH UHVWRUD
UDWH FRDVWDO PDULQH HFRV\WVWHPV DQG NVKHULHV LQ WKH &RDVWDO ODQDJHPHQW
QRUWKHDVW 3DFLNF 30RV 2QH BXQGD\ 3 / 'L[VRQ ' / OF&RUPLFN O , OHH

NDQ 0O )HUUDUL 0 & 2 &KLYHUYHLFXVHOJIBBWQHU - ODUDQGLQR &
+DUYH\ % 3 *Z\QQ -RQHV ORRUHOBQELVKPHQW RI NVK SRSXODWLRQV BWLRKUMWD WHRE® HHFGJH -IRU PDULQE
Meta-analysis reveals complex marine biological res - RFHDQ DFLGLNFDWLRQ 3URFHHGLQRQRHOWKWY BOWIOROQHIXIHY DW WKH VFL
SRQVHV WR WKH LQWHUDFWLYH HIIHReRy oRFclemzes &f he CriitbdFSPawd dRAne - FLHW\ QH[XV &XUUHQW 2SLQLRQ LQ
DQG ZDUPLQJ (FRORJ\ DQG (YROXWURRBD ) PHQWDO 6XVWDLQDELOLW\
+HU]JRJ + &DOGHLUD . 5HLOO\ -1DULWD$Q ,YNKEDQ] . 7RO 5 6 LWWPDBRXR & 3-UWQHU + 2 6 H

Rl 3HUPDQHQFH $VVHVVLQJ WKH PUFHFRAWNQRIIVRFRDQ DFLGLNFDW LdRi@ties$ofCeRtanN arlir@aiMtéxa ioKddean
7THPSRUDU\ &DUERQ 6WRUDJH & OLLAPODWFFIWY RRODQYKHOONVK SURGXFWLRRBL GEOIEMMWL IR & KDBQYKUH &OLPDWH &
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/[LEE\ -HZHWW FKDLU 6DUDK &RROH\ IDFLOLWDWRU 'DQ /DIIROH\ IDFLOI
/ILQZRRG 3HQGOHWRQ +DQV 3RHUWQHU 6DPLU ODOLNL

&RQWH[W

7 & following sections highlight key messages and actions that arise from an analysis of potential

VRFLHWDO DFWLRQV DQG PLWLIJDWLRQ RSWLRQV UHODWHG WR RFHDQ DF
there is a pressing need to sustain and increase actions to address the root cause of ocean
DFLGLNFDWLRQ* VWHPPLQJ WKH ULVLQJ OHYHOV RI FDUERQ GLR[LGH LQ \
WKDW D GHSHQGHQF\ RQ JHRHQJLQHHULQJ VROXWLRQV PD\ QRW KROG P
JURXS,V DQDO\WLV FRQFOXGHG WKDW D QXPEHU RI FRPPRQ REVWDFOHYV
UHJDUGOHVYVY RI VSHFLNF VHFWRUDO QHHGY DQG UHTXLUHPHQWV OW LV
be instigated to improve local ecosystem health and resilience and thereby lessening the potential

IRU LPSDFWV IURP RFHDQ DFLGLNFDWLRQ RU GHOD\LQJ WKH IXOO LPSDF
RWKHU LPSDFWV D IHZ H[DPSOHYV DUH JLYHQ ZKLFK PD\ UHTXLUH EURDG
ZLWK DVVRFLDWHG FRVWY 3DUWQHUVKLSV EHWZHHQ YDULRXV VHFWRUYV
FRPPXQLWLHY DQG LQQRYDWLYH PHWKRGV WR HQFRXUDJH DGDSWDWLRQ

CO, PLWLIJDWLRQ

$ORQIJVLGH WKH DGDSWDWLRQ DJHQGD IRU RFHDQ DFLGLNFDWLRQ WKHUH
JURZ DUJXPHQWY IRU VLIQLNFDQW DQG XUJHQW UHGXFWLRQV LQ DQWKUF
WDFNOH RFHDQ DFLGLNFDWLRQ 7KLV VKRXOG VWHP IURP ORFDO DQG Ul
DERXW WKH FKDOOHQJHV RI RFHDQ DFLGLNFDWLRQ DW ORFDO DQG UHJ
FRQWH[W RI FRPELQHG FOLPDWH DVVRFLDWHG KD]DUGV FRQWUDVWLQJ I
different anthropogenic CO, emissions scenarios (Gattuso HW DO VWRUP HYHQWY VHD OH
ZDUPLQJ WKDW PD\ H[DFHUEDWH RU EH H[DFHUEDWHG E\ WKH HIIHFWV
VKRXOG FRQVLGHU KRZ WKH DVVRFLDWHG LPSDFWV HYROYH ZLWK YDULTF
Greater traction may be gained at the political level by identifying nations and states that face the

HDUOLHVW ULVNV IURP SURJUHVVLYH DFLGLNFDWLRQ DQG EULQJLQJ WKHF
EH H[SRVHG WR DW WKH FRDVW IURP DFLGLNFDWLRQ 6XFK DQ DSSURDF!
business and industry-related views about levels of tolerance for the transition to dangerous climate

FKDQJH LQFOXGLQJ RFHDQ DFLGLNFDWLRQ RQFH D FULWLFDO WKUHVKROC(
HIFHHG WKH KXPDQ FDSDFLW\ IRU VXLWDEOH DGDSWDWLRQ $IIHFWHG FL'
express their concerns and conclusions to local, regional and national policymakers with the intention

WR LQOXHQFH WKH QDWLRQDO FRQWULEXWLRQ WR HPLVVLRQ UHGXFWLRC
WDUJHWV WR LQOXHQFH ORQJ WHUP JOREDO JRDOV &UHDWLQJ VXFK DQ D
DQG VWDNHKROGHUV LV DOVR IXQGDPHQWDO WR FUHDWLQJ JUHDWHU DGD
for identifying common research needs but also sharing the fact that mitigation action now will

UHGXFH DGDSWDWLRQ FRVWY ODWHU

.H\ PHVVDJH 6XVWDLQHG FDOOV IRU VLIQLNFDQW DQG XUJHQW UHGXFW
FDUERQ GLR[LGH PXVW FRQWLQXH WR EH WKH KLJKHVW SULRULW\ HYHQ
VWUDWHILHY DUH XQGHUZD\ 2SWLRQV IRU DGDSWDWLRQV DUH OLPLWHG
UHGXFLQJ WKH URRW FDXVH ) ULVLQJ OHYHOV RI FDUERQ GLR[LGH LQ WKH



*HRHQJLQHHULQJ

7KH GLVFXVVLRQ DQG EURDG DJUHHPHQW DW WKH VRFLHWDO OHYHO RQ HPL
JRDOV XOWLPDWHO\ LQYROYHV GHYHORSLQJ VXSSRUW IRU QDWLRQDO FRQW
7KHVH DUH QHHGHG LQ D SRUWIROLR RI HPLVVLRQ UHGXFWLRQV DQG LQF:
HPLVVLRQ WKDW ZRXOG WKHUHE\ UHGXFH WKH GHJUHH RI RFHDQ DFLGLNI
DGGUHVV SURJUHVVLYH RFHDQ DFLGLNFDWLRQ GHPRQVWUDWHYVY WKDW VRP
solar radiation management do not alleviate the continued accumulation of CO , and thus ocean
DFLGLNFDWLRQ ,Q FRQWUDVW FDUERQ GLR[LGH UHPRYDO WHF#QLTXHV PI
XQGHUJURXQG VWRUDJH RI RUJDQLF FDUERQ L H ELRPDVV KHOS DPHOLRL
FDUHIXO DVVHVVPHQW RI WKH EHQHNWY DQG WUDGH RIIV LQI¥aR€Qer HG VXFK
DQG H[SRVXUH 0DQ\ RI WKH RFHDQ EDVHG VROXWLRQV VXFK DV XVLQJ JURX
DUH XQSURYHQ DW VFDOH DQG PD\ EH DFFRPSDQLHG E\ VLIQLNFDQW H[WHI
DUJXPHQW LV UHLQIRUFHG

.H\ PHVVDJH J)DFWRULQJ RFHDQ DFLGLNFDWLRQ LQWR WKH JHRHQJLQHF
SURSRVHG WR WDFNOLQJ FOLPDWH FKDQJH WR MXVW WKRVH WKDW WDFN
UHGXFWLRQ RI DWPRVSKHULF OHYHOV RI FDUERQ GLR[LGH 7KRVH JHRHQJ
XQSURYHQ DW VFDOH DQG PD\ EH DFFRPSDQLHG E\ VXFK VLIJQLNFDQW H]J!
HFRQRPLF HWF WKDW UHGXFLQJ HPLVVLRQV SUREDEO\ UHPDLQV WKH PRVW

SHGXFH ORFDO VWUHVVHV RQ NVK DQG FRUDOV VR
LPSDFWV RI RFHDQ DFLGLNFDWLRQ

7KH HIIHFWV RI RFHDQ DFLGLNFDWLRQ DUH FRPSRXQGHG E\ RWKHU VWUH
ecosystems that are exposed to RFHDQ DFLGLNFDWLRQ LQ WKH PLGVW RI PDQ\ VWL
from steps that reduce the effects of RFHDQ DFLGLNFDWLRQ (VWXDULHV WKDW VXS
DQG QXWULWLRQDOO\ LPSRUWDQW VKHOONVK FRXOG ZLWKYWateb®G WK
QXWULHQW SROOXWLRQ DQG ULYHULQH LQSXWV ZHUH UHGXFHG DFWLR
JRYHUQPHQW LQGXVWULHV DQG 1*2V 7KLV ZRXOG UHTXLUH UHGXFLQ
VHZDJH LQWR VXUIDFH DQG JURXQGZDWHU B5HGXFLQJ ZDVWH RI IHUWLOL
VDYLQJ WR ORFDO DJULFXOWXUH EXW RXWODZLQJ IHUWLOL]JHU XVH FRXOG
QXWULHQW LQSXW IURP VHZDJH FRXOG EHQHNW KXPDQ KHDOWK DQG ZHO
DFLGLNFDWLRQ DOWKRXJK HFRQRPLF FRVWV LQIUDVWUXFWXUH GHYHOR.
QHHGHG WR DFFRPSOLVK WKDW

Better land-based management could help coral reefs more effectively if sedimentation, nutrient

SROOXWLRQ DQG RYHUNVKLQJ WMWHDOHGXHQGHAUBRONHKHDOWK\ PDULQH DQ
ecosystems may cope better with RFHDQ DFLGLNFDWLRQ WKDQ GHJUDGHG V\VWHPYV
SURWHFWLQJ WKHVH VAIVWHPVY HJ WKURXJK UHVWRUDWLRQ RU PDULQH SUF
from improved ecosystem service provision and increased RFHDQ DFLGLNFDWLRQ UHVLOLHQFH
could be taken to help the recruitment and proliferation of RFHDQ DFLG Lndgistamt brga@isms

HJ FRUDO UHHI PDQDJHUV RU UHVWRUDWLRQ HIITRUWY OLNH WKRVH SUR
Allen 2FHDQ $FLGLNFDWLRQ $GDSWDWLRQ SUL]JH KWWS ZZZ SJDIDPLO\IRXQG
could adjust their efforts to focus on RFHDQ DFLGLNFDWLRQ UHVLVWDQW VSHFLHV 6 X
maintain existing assemblages of taxa, but could help these ecosystems transition to more ecologically

VXVWDLQDEOH VWDWHYV WKDW VXSSRUW H[LVWLQJ HFRV\VWHP VHUYLFHV 2
GLVSODFH NVKHUV DGGLQJ WR LQFUHDVHG SUHVVXUHV RQ HFRV\VWHPV RXW
KLIJIKO\ PDQDJHG V\VWHPVY OLNH DTXDFXOWXUH HFRORJLFDO PLWLJDWLRQ
E\ EHWWHU PDQDJLQJ ORFDO FLUFXODWLRQ FR PDQDJLQJ VKHOONVK DQG
DVVHPEODJH RI RUJDQLVPV PDQDJHG

.H\ PHVVDJH $ SRUWIROLR RI DFWLRQV FRXOG LPSURYH ORFDO HFRV\VWH
OHVVHQ WKH SRWHQWLDO IRU LPSDFWV IURP RFHDQ DFLGLNFDWLRQ GHOD)

2EVWDFOH B5HGXFLQJ HQYLURQPHQWDO VWUHVVRUV DOUHDG\ KDV SURYHC
RFHDQ DFLGLNFDWLRQ LV OLNHO\ WR KDYH JUHDWHVW LPSDFW
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&RPPRQ REVWDFOHYVY WR DGDSWDWLRQ RI LQGXVW!

(IDPLQDWLRQ RI SURJUHVV RQ DGDSWDWLRQ LQ GLIIHUHQW VHFWRUV H[S
UHYHDO VRPH FRPPRQ REVWDFOHV WR JUHDWHU XSWDNH DQG DFWLRQ
SDUWLFXODUO\ WKDW PD\ EH WRXFKHG E\ RFHDQ DFLGLNFDWLRQ DQG FO
SUHFDXWLRQDU\ SODQV LQ SODFH IRU D YDULHW\ Rl UHDVRQV LQFOXGLQ.

/DFN Rl ELRORJLFDO- LERUPDMAIRQY. UHYLHZ RU SODQ VXPPDUL]JLQJ WKH
RFHDQ DFLGLNFDWLRQ RQ KXPDQ FRPPXQLWLHV YLD FKDQJLQJ HFRV\VWH
QRW HQRXJK LQIRUPDWLRQ IURP H[SHULPHQWY RQ NH\ HFRQRPLFDOO\ RU
GHYHORS PRUH TXDQWLWDWLYH BWVBI® VP ERREMA(NIWURPWLO ZH XQGHUVW
ZKLFK JHQHUDO PHFKDQLVPV JRYHUQ RFHDQ DFLGLNFDWLRQ UHVSRQV
WR RFHDQ DFLGLNFDWLRQ ZLOO FRQWLQXH WR EH

E\ VSHFLHV EDVLV DQG IRUHFDVWV ZLOO EH YDJXH

LQIRUPDWLRQ KDV QRW SURYHQ FRPSHOOLQJ IRU P
SUHFDXWLRQDU\ DFWLRQ

/DFN RI SROLWLFDO DZDUHQHV\2FRIDRQ B A UG IQVF DUA /R
FRXSOHG ZLWK RWKHU VWUHVVRUV VXFK DV GHR[\JH(
PLQJ UDLVHV WKH ULVN DW ORFDO DQG UHJLRQDO VFI
WDO HFRQRPLHV DQG XQGHUO\LQJ KHDOWK RI HFRV\\
8QOHVV FRQQHFWLRQV DUH PDGH EHWZHHQ REVHUY
FXOWXUDO DQG HFRQRPLF YDOXHV SROLWLFDO DFWLRQ LV XQOLNHO\ WR
RSWLRQV IRU DGDSWDWLRQ LQ YXOQHUDEOH UHJLRQV PD\ DOUHDG\ EH UH

/DEN RI XQGHUVWDQGLQJ RI KRZ RFHDQ DFLGLNFDWLRQ LV GLIIHUHQW

HI[SHULHQFRFX®DQ H[SHULHQFH LQ WDFNOLQJ FRDVWDO SUREOHPV KDV RI
FRQOLFWY DQG UHVRXUFHV RU LQ WKH FDVH RI HSLVRGLF FDWDVWURSK
UHTXLUHPHQW IRU VLIQLNFDQW DLG DQG LQYHVWPHQWY :H KDYH QRW EF
FKDQJHV LQ HFRVA\VWHP IXQFWLRQDOLW\ $Q REVWDFOH WR DFWLRQ LV W
RFHDQ DFLGLNFDWLRQ ZLOO SHUPDQHQWO\ IURP WKH SHUSHFWLYH RI

FKHPLVWU\ *WWWRVRDQG ZKHQ LPSDFWV DULVH WKLV WLPH DURXQG ZH F
RXW RI WKH SUREOHP

S8OQFHUWDLQW\ LQ LPSDAMERUPWDFMQJ DULVLQJ IURP LQFUHDVHG ULVN D
LPPHGLDWH JRYHUQPHQWYV DQG LQGXVWULHV KDYH D YDULHW\ Rl RWKH
QHHG WR DWWHQG WR ,Q WKH IDFH Rl H[WUHPH XQFHUWDLQW\ LQGXVW!
DUH FOHDU DQG DFWLRRWED® &RROHN[DPSOH 8 6 NVKHULHV PDQDJHPH
FXUUHQWO\ LQFOXGH FOLPDWH FKDQJH LQ NVKHULHV PDQDJHPHQW SODQ
\HDU WLPH VFDOH ZKLOH FOLPDWH FKDQJH PDQLIHVWYV RHQVWKH \HDU
ORUH LPPHGLDWH FRQFHUQV DUH W\SLFDOO\ DGGUHVVHG LQ NVKHULHV P
XQFHUWDLQW\ JURZV ZLWK WKH WLPH KRUL]RQ

8Q0ZLOOLQJQHVV WR DFNQRZOHGJH D SUREOHP- RRGDXOQE B H D/ULKDMKQW B RAR
HJ )ORULGD DUH DOUHDG\ TXLWH GHJUDGHG IURP ZDUPLQJ SDWKRJHQV
DW 5LVN SURMHWMWD @ XUNRIZHYHU VFLHQWLVWYVY ZRUNLQJ LQ WKHVH DUHLE
RI LQWHUHVW RI WKH ORFDO WRXULVP LQGXVWU\ WR SURDFWLYHO\ DEN
SUREOHPV ,W VHHPV WKDW LQGXVWU\ UHSUHVHQWDWLYHV GRQ,W ZDQW
WKDW ZRXOG GHFUHDVH WRXULVP LQWHUHVW $QG LW UHPDLQV XQFOHDU
DGPLW LW

8QFOHDU FRVW EHOHNWKRXOFWRQURYHG HVWLPDWHY RI WKH YDOXH RI VHI
IURP HFRV\VWHPVY DW ULVN IURP FOLPDWH FKDQJH DQG RFHDQ DFLGLNFDW
WKH FRVWY DQG EHQHNWYV RI DFWLQJ VRRQHU RU ODWHU WR IXWXUH SURF
DFWLRQ FDUULHV FRVWY DQG EHFDXVH RI KXPDQ WHQGHQFLHV WR GLVFR.
ODWHU DOZD\V VHHPVY PRUH DSSHDOLQJ SDUWLFXODUO\ LQ DQ XQFHUWDL



/DEN RI DFXWH SUREWHRIHDY GR QRW IDFH DFXWH FDWDVWURSKH-V IURP F(
GLNFDWLRQ *HQHUDOO\ HSLVRGLF HYHQWY OLNH XSZHOOLQJ LQ WKH 3DF
EXVLQHVV SHRSOH,V OLVW RI LPPHGLDWH FRQFHUQV :LWKRXW .FDWDVWU
DFLGLNFDWLRQ WKH XUJHQF\ WR DFW QRZ LV ORZ

/DFN RI FOHDU DQG VFDODHEOHVIRIHX WHIZRYQRMDODEOH VROXWLRQV WKDW FRPP
FDQ DGDSW WR UHGXFH WKH LPSDFWV RI RFHDQ DFLGLNFDWLRQ

(ISORUDWLRQ RI VHYHUDO DGDSWDWLRQ RSWLRQV

2FHDQ DFLGLNFDWLRQ LPSDFWV RQ FRUDO U UHGXFI
VKRUHOLQH SURWHFWLRQ IURP HURVLRQ DQG VW NH\ DGDS
VWUDWHILHY DUH H[SORUHG DUPRXULQJ FRDV DGH VWL
DQG PRYLQJ SRSXODWLRQV DzZD\ IURP WKUHDWH HDV

$UPRXULQJ FRDVWOLQHYV

Coral reefs protect thousands of kilometers of coastline and more than
PLOOLRQ SHRSOH OLYLQJ ZLWKLQ RQH NWQRPHWHU RI UHHIV )HUUDUL
7KH QHHG IRU VKRUHOLQH SURWHFWLRQ PD\ WKHUHIRUH H[FHHG RXL
SULDWH VWUXFWXUHVY WKDW FDQ UHSODFH ORVW FRUDO UHHIV /RFDWLRQ
those adjacent to large populations) and creative solutions to armouring will need to be developed
HJ WKH XVH RI VXEZD\ FDUULDJHV 7KLV ZLOO UHTXLUH SDUWQHUVKLS\
and business to identify and potentially manufacture appropriate armouring materials and to deploy
WKHP LQ WKH PRVW HIIHFWLYH ORFDWLRQV /RFDO EXVLQHVVHV VXFK DV E
PD\ DOVR EH LQWHUHVWHG LQ LOQYHVWLQJ LQ VXFK SURWHFWLRQ ZKHUH DI
FRPSDQLHV LI DUWLNFLDO SURWHFWLRQ UHGXFHV IXWXUH FODLPV IRU VWHF

.H\ PHVVDJHKH FRQVWUXFWLRQ RI DUWLNFLDO LQIUDVWUXFWXUH ZLOO UHT)
DQG NH\ DUHDV PD\ QHHG WR EH SULRULWLVHG H J DUHDV DGMDFHQW.
21

ORYLQJ YXOQHUDEOH SRSXODWLRQV

ORYLQJ SRSXODWLRQV DZD\ IURP ORFDWLRQV PDGH YXOQHUDEOH E\ RFH
FRUDO PD\ EH D WHPSRUDU\ PHDVXUH %DUELHU HJ LQ UHVSRQVH W
WHUP VWUDWHIJ\ HJ LQ UHVSRQVH WR FDWDVWURSKLF GDPDJH FRQWLC
HURVLRQ RU VDOW ZDWHU LQWUXVLRQ 6RPH VLWXDWLRQV FDQ EH SODQQl
strategies, movement of populations following shoreline management plans), whereas others may

EH LQ UHVSRQVH WR HPHUJHQF\ VLWXDWLRQV HJ FDWDVWURSKLF GDPI
DQG ORKDQ $ NH\ REVWDFOH WR VXFK PRYHPHQW LV RIWHQ SHRSOH,V
7THPSRUDU\ HYDFXDWLRQ UHTXLUHV HIIHFWLYH VWUDWHJLHY LQ ZKLFK ORF
to ensure messages are communicated, that transport and accommodation are available as well as

HVVHQWLDO UHVRXUFHV VXFK DV IRRG DQG ZzDWHU 7KH VFDOH RI WKLV VX
FDXVHG E\ WKH H{IWUHPH ZHDWKHU /RQJ WHUP PLIJUDWLRQ RI SRSXODWLRC
avoid negative displacement effects, such as excessive demand for natural resources and increased

FRQOLFW LQ ORFDWLRQV ZKHUH PLJUDQWY VHWWOH SRYHUW\ DQG ORVV R
DQG SROLWLFDO XQUHVW *HPHQQH 6XSSRUW QHHGV WR EH JLYHQ V
UHFHLYLQJ FRPPXQLWLHY 3DUWQHUVKLSYVY ZLOO EH QHHGHG EHWZHHQ QDW
DSSURSULDWH UHFHLYLQJ FRPPXQLWLHV ZLWK RSSRUWXQLWLHV IRU PLJU
ORFDO DXWKRULWLHYV PD\ DOVR EH UHTXLUHG WR VXSSRUW HVVHQWLDO

EXVLQHVV HPSOR\PHQW RSSRUWXQLWLHV IRU ERWK WKH PLJUDQWY DQG W|

Where effective insurance is available, insurance companies may play a pivotal role in helping people
WR UHWXUQ WR ORFDWLRQV DIIHFWHG E\ VWRUP GDPDJH 7KH\ PD\ DOVR
UHIXVH WR RIIHU LQVXUDQFH DJDLQVW ORRGLQJ DQG VWRUP GDPDJH

7KH PRYHPHQW RI SHRSOH LV DVVRFLDWHG ZLWK FRQVLGHUDEOH FRVWYV
LQYROYHG ZLWK WKH SK\VLFDO PRYHPHQW RI SHRSOH IURP RQH ORFDWLR
DQG FXOWXUDO FRVWY LQ WHUPV RI GLVUXSWLRQ WR IDPLO\ DQG FRPPXQL

.H\ PHVVDJH ORYLQJ YXOQHUDEOH SRSXODWLRQV LV DQ H[WUHPHO\ FRVW
HQYLURQPHQWDO DQG WR EH HIIHFWLYH ZLOO UHTXLUH FRQVLGHUDEOH
ORQJ WHUP FRPPLWPHQW
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JLVKHULHYV

7THFKQRORJLFDO DQG PHWKRGRORJLFDO LQQRYDWLRQV FDQ KHOS ERWK ZL
WR IXWXUH FRQGLWLRQV LQ zZD\V EH\RQG VLPSO\ GHOD\LQJ RFHDQ DFLG
strains should be developed by selective breeding or genetic engineering, for raising in enclosed
DTXDFXOWXUH V\WVWHPV RU LQ XQSURWHFWHG FRDVWDO FXOWXUH LQVW
JHQHWLFDOO\ PRGLNHG RUJDQLVPV LQFOXGH WKH SRVVLELOLW\ RI HVFDSI|
QDWXUDO JHQH SRROV RU UHOHDVLQJ LQYDVLYH VSHFLHV LQWR QHZ KDEL'
WHFKQLTXHV VXFK DV FR FXOWXUH RI SKRWRV\QWKHWLF RUJDQLVPV FDC
DFLGLNFDWLRQ HIIHFWV LQ HQFORVHG DTXDFXOWXUH V\VWHPV (QYLURC
3DFLNF 1RUWKZHVW KDV DOUHDG\ EHHQ LPSOHPHQWHG WR GHFUHDVH G
theory, these bioengineering technologies, once proven, could be transferred to less economically

advantaged nations or companies (Barton HW DO ,Q ERWK RI WKHVH W\SHV RI DC
HFRQRPLF FRVWVY RI JHQHWLF PRGLNFDWLRQ VHOHFWLYH EUHHGLQJ RU F
EH TXLWH KLJK OLPLWLQJ DGRSWLRQ RI WKHVH RSWLRQV DW NUVW WR
VLIQLNFDQW HFRQRPLF UHVRXUFHV +RZHYHU HDUO\ DGRSWHUV ZRXOG E
SRVVLEO\ .FRUQHULQJ WKH PDUNHW/ $OWKRXJK WKHVH PHWKRGY DOVR L
property, they might be implemented in an ecosystem management context to help improve water

TXDOLW\ DQG PDQDJH HWKHU QXWULHQW SROOXWLRQ ORDGV WKDW H[DF
HWKHU FRDVWDO SUREOHPYV

.H\ PHVVDJH $GDSWDWLRQ RSWLRQV DYDLODEOH FXUUHQWO\ IRU VKHOO
DVVRFLDWHG ZLWK VLIQLNFDQW HFRQRPLF FRVWY WKDW PD\ OLPLW WKHL
SRUDWLRQV

$GDSWDWLRQV GLUHFWHG DW NQNVK KDUYHVWV QRW IRFXVHG RQ GHOD\
VHH DERYH FHQWHU DURXQG LPSURYLQJ PDQDJHPHQW RI WKH UHVRXUFH
LOQYROYH UHGXFLQJ NVKLQJ SUHVVXUH RQ DOO KDUYHVWHG VSHFLHV DQG
RI GRFXPHQWHG GDPDJH IURP RFHDQ DFLGLNFDWLRQ 7KH PDLQ GLVDGYD
EH WR SXW NVKHUPHQ DQG DOOLHG LQGXVWULHYV RXW RI EXVLQHVV ZLWK
RU SURWHLQ VRXUFHV H[LVW 2WKHU PDQDJHPHQW EDVHG DGDSWDWLRQV
VSHFLHVY RQFH WKH\ DUH LGHQWLNHG VZLWFKLQJ NVKLQJ EDVHG VHFWR'
NVKLQJ LQ GLITHUHQW WHUULWRULHYVY 7KHVH DFWLRQV FRXOG KDYH GLVS
DJH JURXSV RU FRQWULEXWH WR HFRQRPLF LQHTXDOLW\ LQ VRFLHWLHYV
\RXQJ ZRPHQ VKLIWLQJ IURP FODP KDUYHVWV WR FRFRQXW KDUYHVWYV DC
RU KRZ NVKLQJ IDUWKHU DzZD\ IURP SRUWYV WHQGY WR KDUP DUWLVDQDO D
RU FRUSRUDWH KDUYHVWHUYV /IRVVHV Rl NVKLQJ RSSRUWXQLWLHV GXH
NVKLQJ SUHVVXUH DQG FDQ FDXVH RYHUNVKLQJ FRQOLFW RU DFFHVV SU

.H\ PHVVDJH $GDSWDWLRQV DYDLODEOH IRU NQNVK SRSXODWLRQV DUH O
UHTXLUH VWURQJ PDQDJHPHQW WR LPSOHPHQW 7KH\ DOVR KDYH SRWHQV
LQ NVKLQJ UHOLDQW SRSXODWLRQV

*HOQHUDO RYHUDUFKLQJ HFRQRPLF
WKH DGDSWDWLRQV

7KH HFRQRPLF DQG KXPDQ FRVWYVY RI DGD
IRU WKH SUREOHP RI RFHDQ DFLGLNEFD
FRQVLGHU WKLV FRVW LQ RUGHU WR DFK
RI FRVWYV PXVW FRQFHUQ WKH LQHTXDOL
LQWR DFFRXQW WKH LQYHVWPHQWYV WK;
VKRUW PHGLXP DQG ORQJ WHUP *RRG — R el
PXVW EH JHQHUDOL]HG G5HVHDUFK QHHG
the costs of both marine ecosystem adaptation and human , e
adaptation policies in order for the effect on the global
HFRQRP\ WR EH NQRZQ 7KH ZHOIDUH L&*®
DFLGLNFDWLRQ QHHG WR EH PHDVXUHGE!
consumer and producer surplus rather than changes in gross
UHYHQXH

.H\ PHVVDJ$FW PRUH GLUHFWO\ RQ WKH FRQVXPHU UDWKHU WKDQ WKH S
FRQVXPSWLRQ PRGHO



&EXOWXUDO LPSDFWV RI RFHDQ DFLGLNFDWLRQ

7KH LPSDFW RI RFHDQ DFLGLNFDWLRQ LV QRW RQO\ HFRORJLFDO RU HFRQ
JRU H[DPSOH WKH ORVV RI ELRGLYHUVLW\ PD\ QRW RQO\ KDYH FRQVHTXHC
JHQHUDWLRQDO PDNH XS EXW DOVR IURP WKH SRLQW Rl YLHZ RI JHQGHU

DIITHFW VSHFLNF SRSXODWLRQ JURXSV VXFK DV ZRPHQ RU \RXQJ SHRSOH

GLVWULEXWHG 7KH\ PD\ DIITHFW WKH EDODQFH RI JHQGHU FRQNJXUDWLRQ
PLIJUDWLRQ LQ GHSDUWXUH RI WKH \RXWK SRSXODWLRQ ZKR PXVW NQG RW|
ZRXOG EH WR GHYHORS RQ VLWH HFRQRPLF DFWLYLWLHV VXFK DV DTXDEFX
DQG WHFKQLFDO UHVRXUFHV ORUHRYHU WKH ORVV RI VRPH VSHFLHV PD\

EHFDXVH NVKHVY DUH QRW RQO\ D QDWXUDO UHVVRXUFH *U2SLQ EXW P
WKHLU GLVSDULWLRQ DIITHFWV WKH SURSHU JURXS LGHQWLW\

&DVH VWX@\7XDPRWXDQ LVODQG )UHQFK 3RO\QHVLD WKH ODJRRQ LV FR
ZKHUHDV WKH RFHDQ LV D PDOH RQH OHQ JR WRZDUGV RFHDQ WR NVK ZR
FODPVY DQG VKHOOV ZKHUH FODPV DUH IRU HDWLQJ DQG VKHOOV IRU GRLQJ
and other parameters such as the warming of water temperature, impact the lagoon more than the

RFHDQ VR LW DIIHFWV SULPDULO\ ZRPHQ DQG WKHLU UHVRXUFHV <RXQJ ¢
ODJRRQ EHFDXVH WKH\ KDYH IUHH DFFHVV WR LW 7KH VFDUFLW\ RI FODPV
VXFK DV WR FRSUD IDUPLQJ EXW LW PDNHV WKHP GHSHQGHQW RQ WKH HOC
6R FKDQJLQJ WR WKDW DFWLYLW\ LV D ELJ VRXUFH RI VRFLDO WHQVLRQ $ )
DTXDFXOWXUH LQ RUGHU WR NHHS ZRPHQ DQG \RXWK DQG PDLQWDLQ WKH
DQG DJH %XW WKLV QHHGY UHDO LQWHUDFWLRQ EHWZHHQ WKH FRPPXQLW!
DQG PHWKRGY LQ RUGHU WR DFKLHYH VLPXOWDQHRXV HFRORJLFDO DQG FX

.H\ PHVVDJH ‘H FDQQRW VHSDUDWH WKH QDWXUDO DQG WKH FXOWXUDO
HFRV\VWHP KDYH VRFLRFXOWXUDO LPSOLFDWLRQV (FRORJLFDO DQG VRF
VLPXOWDQHRXVO\ LQ RUGHU WR NQG D YLDEOH EDODQFH IRU WKH FRPPXQL
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SHIHUHQFHYV

%DUELHU ( % 3ROLF\ +XUULFDQH .DWULQBRHQYWRQV IR &GP WRIUIOQEE XFHG SRSXODWLRQ GLVS

1DWXUH LQ D g& ZRUOG 3KLORVRSKLFDO 7UDQVDFWLRQV RI V
$

%DUWRQ $ :DOGEXVVHU * * )HHO\ 5 $ :HLVEHUJ 6 % 1HZWRQ -

$ +DOHV % &XGG 6 (XGHOLQH % /DQJGRQ &UaSLG{MHUGYV ,/D .MBIX@HVVH SRO\Q3VLHQQH DPELYD

6XKUELHU , OF/DXJKOLQ . ,PSDFWV RI &RDMWREHHFLGIWNRRWWRRQQHOOHY RX VWUXFWXUHOO}

RQ WKH 3DFLNF 1IRUWKZHVW 6KHOONVK ,QGXVWU\ DQG $GDSWDWLRQ 6WUDWHJILHV

,PSOHPHQWHG LQ 5HVSRQVH 2FHDQRJUDSK\

OXLU : O 7KH WKUHDWYV DQG EHQHNWYV RI *0 NV
%XUNH / 5H\WDU . 6SDOGLQJ O SHUU\ & 5HSRIBIWW DW 5LYN 5HYL
VLWHG :RUOG 5HVRXUFHV ,QVWLWXWH :DVKLQJIJWRQ '& SS

8SDGK\D\ + ORKDQ ' OLJUDWLQJ WR $GDSW" &RQ\
&RROH\ 6 5 -HZHWW ( % SHLFKHUW - S5REEPLULAW QW 6 KDHWDIWKDY MV RI OLJUDWLRQ DQG &OLPD)
:LHF]JRUHN ' HLVEHUJ 6 % *HWWLQJ 2FHBD(G&2 GILWHFDWWILR@ FB@ SHU

'"HFLVLRQ ODNHUV, 7R 'R /LVWV 'LVVHFWLQJ WKH 3URFHVV 7KURXJK &DVH
6WXGLHV 2FHDQRJUDSK\ )

&RROH\ 6 5 .LWH 3RZHOO + / 'RQH\ 6 &- 2FHDQ DFLGLNFD

WLRQ,V SRWHQWLDO WR DOWHU JOREDO PDULQH HFRV\VWHP VHUYLFHV 2FHDQR
JUDSK\

(NVWURP - $ 6XDWRQL / &RROH\ 6 5 3HQGOHWRQ / + :DOGEXVVHU

* * &LQQHU - ( S5LWWHU - /DQJGRQ & - YDQ +RRLGRQN 5 *OHG

KLOO ' :HOOPDQ . %HFN 0O : %UDQGHU / 0 BLWWVFKRI ' ‘'RKHUW\

& (GZDUGV 3 ( 7 3RUWHOD 5 9XOQHUDELOLW\ DQG DGDSWDWLRQ

RI 86 VKHOONVKHULHY WR RFHDQ DFLGLNFDWLRQ 1DWXUH &OLPDWH &KDQJH

JHUUDULR ) %HFN O : 6WRUOD]JL & ' OLFKHOL ) 6KHSDUG & &

$LUROGL / 7KH HITHFWLYHQHVV RI FRUDO UHHIV IRU FRDVWDO KD]DUG ULVN
UHGXFWLRQ DQG DGDSWDWLRQ 1DWXUH &RPPXQLFDWLRQV

*DWWXVR - 3 0DJQDQ $ %LOO® 5 &KHXQJ : : [/ +RZHV ( /

-RRV ) $OOHPDQG ' %RSS / &RROH\ 6 5 (DNLQ & 0 +RHJK

*XOGEHUJ 2 .HOO\ 5 3 3.-UWQHU + 2 B5RJHUV $ ' %D[WHU - 0

/DIIROH\ ' 2VERUQ ' 5DQNRYLF $ 5RFKHWWH - 6XPDLOD 8 5

7UH\HU 6 7XUOH\ & &RQWUDVWLQJ IXWXUHV IRU RFHDQ DQG VRFLHW\

IURP GLIIHUHQW DQWKURSRJHQLF &2 HPLVVLRQV VFHQDULRV G6FLHQFH
DDF
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$GDSWDWLRQ FKDQJHY DQG SDUWQHUVKLSYVY WKDW

Behavior Change

$TXDFXOWXULVWVEKRUHOLQH

SURWBBWHRQY HVW

VKHOONVK JURZHUMP FRUDO UHHIVWNQNVKHUYV

7LPLQJ RI DFWLYLW
/ILPLQJ VHHGLQJ ZL

Move operations

LHYOLVW WRXULVWYV

V Reduce pressure on reefs
FUXVKHG VKHOO PD\E *

FD\EH ) |

L @hahbespésids BitarR Q

gear within legal, economic

ERXQGDULHV S5HWPDLQ

GLVSODFHG ZRUNH

Behavior Change

%XLOG SURWHFWHG
$GG PRQLWRULQJ
capacity (G-R-I)

areas with seagrass

7D[ &UHGLWYV

JRU UHNWWLQJ UHW

(G-

If protection_lgst, credits
th é‘hédﬁr\a&gpeople to
move further from the

coast (G-C)

With permit buyback

uv

é%%?ﬁ?%—%\vﬁ'{ﬁ@g ith 'LITHUHQW JHDU ERDWV WR
w L V X EVW D DsWhpbxt behavior change

Infrastructure il
) 7HVW HQJLQHHU UH p PETRIAeWN Shigsiient, (maybe R-1)
investment (-R) VSHFLHV , 5 )

JRU UHNWWLQJ UHVHPRIFKIHHGLQJ DUHD AJRWKIHDU VZLWFKLQJ
/IRDQV PRYLQJ *, RU) , FRUDO IRU VHHGL{J FRUR® )

VFKHPH WR UHGXFH OHHW

VLIH" * |

7D[ FRQVXPHU WR |

D[ FRQVXPHU WRX
Qc astal landowner) to

ULYW¥RQVXPHU WR

7DIHV research and tech . research and tech dev
fund coral reef protection
development (G,R,I) (GR,)) (G.R)))
’ ; ; Guard against bad years
Guard against bad years Reinsurance builds : ;
Insurance (like crop insurance) (G-I vulnerability into models (I(I_\_lfel Cr(l)? insurance)
or I-1) which forecast shoreline (G-lor k)
vulnerability
) . . . Urge innovation
Urge innovation on Urge innovative itaring, co-
3ULJHV monitoring, resilience, WHFKQLTXHV IRU FXO Mg&‘eﬁeﬂt ol
UHNWWLQJ HWF *|, rBsistant,species and Y
’ : ’ VXVWDLQDEOH N
testing RU )
Risk pooling Small-scale growers
collaborate to protect
hatchery or grow-out area,
OLPH VHHG ODWV BFPD\EH 5 ,

IXQG

KLQJ * ,

6HH DQQRWDWLRQV LQ WDEOH DERYH 3DUHQWKHVHY DQG DEEUHYLDWLRQV LQGLFDWH

LPSOHPHQW HDFK DFWLYLW\
JRU H[DPSOH 15 ,

$EEUHYLDWLRQV
| LQGLFDWHY UHVHDUFK LQGXVWU\ SDUWQHUVKLS

*RYHUQPHQW *

OQGXVWU\

5HVHDUF



*29(51$1&( *29(510(176 $1' /(*,6/$7,21

$OH[DQGUH 0DJQDQ FKDLU &DURO 7XUOH\ IDFLOLWDWRU 6DOLP $O
+DOO 6SHQFHU 3DXO +ROWKXV .LUVWHQ ,VHQVHH (OHQL 3DSDWKDQDVRSF

&RQWHI[W

7KH PDQGDWH IRU SROLF\ DFWLRQ RQ RFHDQ DFLGLNFDWLRQ IDOOV XQGt*t
JUDPHZRUN &RQYHQWLRQ RQ &OLPDWH FKDQJH 81)&&& VLQFH OLNH FOLPD
is a result of anthropogenicCO , HPLVVLRQV 7KH LOQWHUQDWLRQDO FRPPXQLW\ GHDOL
must play a decisive role in encouraging national and local governments to scale-up efforts to mitigate

CO, HPLVVLRQV WKHUHE\ UHGXFLQJ WKH LPSDFW RI ERWK FOLPDWH FKDQJ
DQQXDO 81)&&& PHHWLQJ &RQIHUHQFH Rl WKH 3DUWLHV &23 UHSUHVHQ\
ocean science community to provide the international community dealing with climate change with

information and recommendations leading to informed solutions and policy guidelines that address
RFHDQ DFLGLNFDWLRQ

25
7KH REMHFWLYH LV WR GHYHORS D FRPSUHKHQVLYH PHVVDJH DERXW WK

FXUUHQW DQG IXWXUH JRYHUQDQFH DJHQGDYVY 7KH WDUJHW DXGLHQFHYV =S
GHDOLQJ ZLWK FOLPDWH FKDQJH FOLPDWH QHJRWLDWRUV QDWLERQDO OH
PHQWDO 2UJDQLVDWLRQV DV ZHOO DV WKH SDUWLHY LQYROYHG LQ WKH 81

:K\'LV RFHDQ DFLGLNFDWLRQ D JRYHUQDQFH LVVXF

37KH RFHDQ DFLGLNFDWLRQ SUREOHP LV DOUHDG\ KDSSHQLQJ DQG UHSUH
DQG KXPDQ V\VWHPYV

7TKHUH LV QR VFLHQWLNF GLVDJUHHPHQW DERXW WKH SURJUHV¥tRI RFHDC
DO 3-UWRW LD O 5DSLG FKDQJHV LQ RFHDQ FKHémisgignglin tiedsttfateR & 2

RFHDQ DQG LWV VHULRXV FRQVHTXHQFHV IRU PDULQH OLIH DUH ZHOO HVYV
RFHDQ DFLGLNFDWLRQ DQG ZDUPLQJ KDYH EHHQ VWXGLHG DFURVV WKH Z
LQFOXGH IRRG ZHE GLVUXSWLRQ LQ WKH $UFWLF DOWHUHG VHQVHV DQG
GHJUDGDWLRQ RI WKH *UHDW %DUULHU 5HHI DQG PDMRU ORWWHMLQ DTXDF.

Weatherdon HW DO 6&%' 7KHVH QHJDWLYH LPSDFWV RQ WKH JRRGV DQG VH
PDULQH HFRV\VWHPV ZLOO DIIHFW VRFLHW\ E\ WKUHDWHQLQJ IRRG VHFXUL
coastal defences, tourism, as well as recreational activities (Armstrong H W B0@2) and aesthetic and

VSLULWXDO EHQHNWY $GGLWLRQDOO\ WKH IXWXUH RFHDQ ZLOO IDFH UHG
CO, HPLVVLRQV IXUWKHU UHGXFLQJ LWV DELOLW\ WR UHJXODWH FOLPDWH
YHU\ HOHPHQWYVY VXFK DV EDVLF PDWHULDOV IRU D JRRG OLIH VHFXULW\ |
and appreciation of nature, which contribute to human well-being for current and future generations

OLOOHQQLXP (FRV\VWHP $VVHVVPHQW
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7KH VSHHG DQG VWUHQJWK RI RFHDQ DFLGLNFDWLRQ DQG LWV VXEVHTXE
systems, is a compelling argument for the international community dealing with climate change to

urgently commit to reducing CO  , emissions well below the level needed to stop global warming at

22& 7KH WUDMHFWRU\ WKDW ZRXOG D FERBBRDEMpdiaiurdrideOnuldel €t/

cause irreversible loss of certain marine ecosystems and their services (Hoegh-Guldberg et al

Porther HW DO +RZHHW/W DO *DWWeK&V R

3 6ROYLQJ WKH SUREOHP UHTXLUHVY LOQOWHUQDWLRQDO FROODERUDWLRQ

International governance has a track-record in dealing successfully with water-borne contaminants

VXFK DV WULEXW\OWLQ "7 ZDVWH QXWULHQWYV UDGLRQXFOLGHV 2QFt
GHVLIJQHG WR SURWHFW WKH PDULQH HQYLURQPHQW DQG UHGXFH SUHV)
DJUHHPHQWYV XQGHU WKH ,QWHUQDWLRQDO ODULWLPH 2UJDQLVDWLRQ \
ZDVWH GXPSLQJ WKH 6WRFNKROP &RQYHQWLRQ RQ WKH XVH RI 3HUVLVW}

2FHDQ DFLGLNFDWLRQ LV D JOREDO SURFHVV ZLWK ORFDO LPSDFWV H J |
VR WKHUH LV D QHHG WR DFW XUJHQWO\ DW DOO OHYHOV LOQWHUQDWLR
national decision-makers need the support of the the international community dealing with climate

change, as it can play a decisive role by (1) encouraging the responsible policy bodies and
JRYHUQPHQWY WR VFDOH XS HIIRUWY DQG SURYLGLQJ JXLGDQFH 2FHDC(
LVVXH DV SROOXWLQJ QDWLRQV DFWLYLWLHYV FDQ DIIHFW PDULQH HFRV\V\
planet (Makarow HW DO

'KDW FDQ WKH LOQOWHUQDWLRQDO FRPPXQLW\ GR"

3%$&7,21 ,QFOXGH RFHDQ DFLGLNFDWLRQ LQ JRYHUQDQFH DQG OHJLVOD)

2FHDQ DFLGLNFDWLRQ LV D WKUHDW WR QDWLRQDO JURZWK DQG GHYHOF
QDWLRQV DQG VKRXOG EH UHOHFWHG LQ QDWLRQDO DQG VXEQDWLRQDO
REMHFWLYH IRU WKH LQWHUQDWLRQDO FRPPXQLW\ GHDOLQJ ZLWK FOLPD
RI PLWLJDWLRQ DQG DGDSWDWLRQ WR WKH LPSDFWV RI RFHDQ DFLGLNFD
GRFXPHQWYV LQWHUQDWLRQDO FOLPDWH FKDQJH UHJXODWLRQ LQVWUXPF
OHYHO HFRQRPLF FRPPXQLWLHV UHJLRQDO FRQYHQWLRQV ZLWK WKH
VXEQDWLRQDO DFWRUV WR LPSURYH FRDVWDO DQG PDULQH JRYHUQDQ
UHIRUPV 7KH IROORZLQJ LQWHUYHQWLRQV DUH SURSRVHG IRU FRQVLGH L

(QFRXUDJLQJ UHJLRQDO FRQYHQWLRQV SODWIRUPV DQG HFRQRPLF FR
UHGXFWLRQ Rl FOLPDWH FKDQJH DQG RFHDQ DFLGLNFDWLRQ LQ PHPEHU F

- Developing national and sub-national policies for mitigation and adaptation of CO , emissions and
RFHDQ DFLGLNFDWLRQ 7XWHMWHADO "RQH\

ODLQVWUHDPLQJ RFHDQ DFLGLNFDWLRQ LQWR H[LVWLQJ HQYLURQPHQW
and legislation (integrated coastal management, environmental management, climate change,
QDWLRQDO WR ORFDO HFRQRPLF GHYHORSPHQW SODQV EOXH JUHHQ RFHI

JROORZLQJ WKH 5LR &RQIHUHQFH RFHDQ DFLGLNFDWLRQ LV QRZ PH
Development Goals and indicators which can be used to track chemical and biological change
KDYH EHHQ GHYHORSHG WR LQIRUP SROLF\ PHFKDQLVPV

- Creating a network of marine protected areas within a coastal and marine spatial planning
IUDPHZRUN WKDW DFFRXQWYV IRU ULVNVY DQG YXOQHUDELOLW\ RI FOLPDWH

BURYLGLQJ SROLF\ PHFKDQLVPV WR SURPRWH UHVWRUDWLRQ RI PDULQH

- Developing feedback mechanisms between national and sub-national administrative levels as well
DV LQYROYLQJ VWDNHKROGHUYV

(QFRXUDJLQJ WKH LQFOXVLRQ RI RFHDQ DFLGLNFDWLRQ LQGLFDWRUV L
HQYLURQPHQW UHSRUWYV



3$&7,21 %XLOG FDSDFLW\ DQG UHVHDUFK LQ RFHDQ D
WKH ZRUOG DQG ZLWKLQ QDWLRQV

.QRZOHGJH DERXW RFHDQ DFLGLNFDWLRQ DQG LWV I
HFRV\VWHPV H[LVWV QHYHUWKHOHVV H[SHUWLVH DQG
GLVWULEXWHG JOREDOO\ 7KXV SURPRWLQJ DQG HQF
Rl VFLHQWLNF FDSDFLW\ ZRUOGZLGH VKRXOG EH RQF
LQWHUQDWLRQDO FRPPXQLW\ GHDOLQJ ZLWK FOLPDWH

(VWDEOLVK RFHDQ DFLGLNFDWLRQ PRQLWRULQJ DQG
and stimulate the assessment and forecasting of vulnerability at
YDULRXV VFDOHV LQ RUGHU WR LGHQWLI\ . KRWVSRWV/
SULRULW\ LQYHVWLJDWLRQV L H UHVRXUFH PRELOLVLE
DQG PDQDJHPHQW LQWHUYHQWLRQV )UDPHZRUNV DOUI
*2$ 21 *OREDO 2FHDQ $FLGLNFDWLRQ 2EVHUYLQJ 1HW
2% ,&& 2FHDQ $FLGLNFDWLRQ ,QWHUQDWLRQDO &RRUGI
, QWHUQDWLRQDO $WRPLF (QHUJ\ $JHQF\ ,$($%$

- Improve international collaboration, as well as capacity and technology transfer between nations
DQG UHJLRQV WR NOO LQ NQRZOHGJH JDSV DQG IDFLOLWDWH RFHDQ DFLGI

(QDEOH WKH FROOHFWLRQ RI bQG DFFHVV WR RFHDQ DFLGLNFDWLRQ GDWD
IRU GLITHUHQW QDWLRQDO DQG VXE QDWLRQDO DGPLQLVWUDWLYH OHYHOV

(PSRZHU UHJLRQDO QDWLRQDO DQG VXE QDWLRQDO LQVWLWXWLRQV DV
DQG PXOWL VWDNHKROGHU IRUD WR DGGUHVV FOLPDWH FKDQJH -PLWLJDW]
FDWLRQ LPSDFWYV

(VWDEOLVK RFHDQ DFLGLNFDWLRQ DV D SULRULW\ LQ WUDQV GLVFLSOLQEC
NQRZOHGJH DERXW LWV FRQVHTXHQFHYV

5DLVH DZDUHQHVV DQG XQGHUVWDQGLQJ RI WKH ULVNV RI RFHDQ DFLGLNF
LQFOXVLRQ LQ QDWLRQDO HGXFDWLRQ DJHQGDV l
27

SHFRPPHQGHG VWUDWHJ\

6HYHQ VSHFLNF DQG DFKLHYDEOH UHFRPPHQGDWLRQV DUH PDGH WR WKH L
ZLWK FOLPDWH FKDQJH WR VXSSRUW DQG GLUHFW LWV VWUDWHJ\ LQ DGGU

1250%$7,9(7(;7) &RQVLGHU WKH LPSDFWV RI RFHDQ DFLGLNFDWLRQ LQ WKH

+< )LUVW WR DFNQRZOHGJH WKDW WKH RFHDQ LV DW WKH IURQWOLQH |
DFLGLNFDWLRQ LV D PDMRU ULVN WR VRFLHW\ ZKLFK GHSHQGV RQ D KHI
PDLQVWUHDPLQJ FOLPDWH FKDQJH DQG RFHDQ DFLGLNFDWLRQ LQWR UHJ
SROLFLHY DQG OHJLVODWLRQV

),1$1&( ) $FWLYHO\ HQFRXUDJH WKH LQFOXVLRQ RI .RFHDQ UHODWHG/ SU|

:+< 7R HQDEOH FRDVWDO DQG LVODQG FRPPXQLWLHVY WR EHQHNW IURP FO
DFLGLNFDWLRQ DQG ZDUPLQJ $OWKRXJIK WKH FXUUHQW IUDPHZRUN RI WKH
related projects to be proposed, and given both the role of the ocean in climate regulation and the

WKUHDWY LQGXFHG E\ RFHDQ DFLGLNFDWLRQ RFHDQ UHODWHG SURMHFWYV
,W LV KRZHYHU FUXFLDO LQ SDUDOOHO WKDW RFHDQ DFLGLNFDWLRQ LV
SROLFLHY DQG UHVHDUFK DJHQGDV LQ RUGHU WR HQFRXUDJH WKH GHYHOR

3$57,&,3$725< 62/87,216 ) 7TKH RFHDQ VFLHQWLNF FRPPXQLW\ HVSHFLDOO\
DQG JRYHUQPHQWY VKRXOG EH LQYROYHG LQ WKH DVVHVVPHQW RI DGDSW

'+< 7R HQDEOH DQ HYLGHQFH EDVHG DVVHVVPHQW RI KRZ FOLPDWH FKDQJH
SRVLWLYHO\ RU QHJDWLYHO\ WKH RFHDQ DQG RFHDQ DFLGLNFDWLRQ W
FRPPXQLW\ LV LQYROYHG LQ VXSSRUWLQJ VRXQG PLWLJDWLRQ RI DQG DGDS
KDSSHQLQJ RQ WKH JURXQG IURP WKH QDWLRQDO WR WKH ORFDO OHYHO L
‘H WKXV DUJXH KHUH IRU WKH LQWHJUDWLRQ RI RFHDQ VFLHQWLVWYV LQWR
WKH LQWHUQDWLRQDO OHYHO
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%/8( &$5%21 &2%$67%/ (&26<67(06 ) BHHAFRUKH QFHV
WKH PHWKRGRORJ\ DQG SURWRFROV WR PHDVXUH FRDVWDO
EOXH FDUERQ WR LQFOXGH FRQVHUYﬁ:fW_VﬁQ DQL Q\)V@!gé‘t‘g VFRGSTZ'?L\J/VVVMG\
LOWHUQDWLRQDO NQDQFLQJ RI FlR@vl\/H@z@\ HERVIVWHP
FDUERQ VLQNV

'RQH\ 6 & J)DEU\ 9 - JHHO\ 5 $ .OH\SDV - %
DFLGLNFDWLR Q WKH WKHU &2 SUREOHP $QQXDO
'+< 7R XVH LQWHUQDWLRQDO JRYHUEBBQWH PHFKDQL

to protect and restore blue carbon sinks and

0 %L 002 5 &KHXQJ : : |
PDLQWDLQ KHDOWK\ FRDVWDO DQG, PRV s G R RIS I B errotis o s (DN
$ KHDOWK\ RFHDQ LV LQGHHG NH\JKWROGEHOS BNREG 2.UWOHU ¢ 2 5RINUV

DQNRYLF $ B5RFKHWWH
WKH XQPDQDJHDEOH/ HJ PLWLIEW(RIBOR EYERES W H O ROWUDVWL 0D XL

FKDQJH DQG RFHDQ DFLGLNFDWLRQRFLHW\ IU¥P BIOMBHIWHDQWKURSRIHQLF &2 HPI
WR KHOS .PDQDJH WKH XQDYRLGDE®QHIRFH J VX88BRUW

adaptation and resilience of ecosystems, economic FRHIK *XOGEHUJ 2 &DL 3RORF]D VND o
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ZLOO DOORZ IRU WKH NQDQFLQJ RIBDWHKHRS & RIW BWHNVIKR QIHD @K SW &DPEULG
UHVWRUDWLRQ RI QDWXUDO PDULQH¥DYUERQ VLQNV
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6%67% GRFXPHQWDWLRQ RQ V\VWHPQIXVVLHQE&ENVOHUYDZV[\_['&D%QE VHG IRRG VHEXULW

RI FOLPDWH FKDQJH LQ D KLJK &2 ZRUOG $ UDQNLQJ RI QDWLRQV, YX
PDWH FKDQJH DQG RFHDQ DFLGLNFDWLRQ 2FHDQD

i+ < 7R HQVXUH WKH GHYHORSPHQW R, REHRQ,

+RUQ / ,PSDFWYV
DFLGLNFDWLRQ REVHUYDWLRQV ZDrAI® o dwiRG G(xROHbRDMEWN FH )rx Q6 DWLRQ
E\ FRXQWULHV DQG IRU WKH EHQWWWNRRI WKH JOREDO
FRPPXQLW\ 7KLV ZLOO DOVR KHQL%OH](J—JDWXP QFR\)J\Q\BFEDD&VHVVPHQW - (FRV\V

XQGHUVWDQGLQJ RI WKH NH\ TXHVWD@Q—IO@MHLQZ]H6®@KWK\H ,VODQG 3UHVV :DV
right track to mitigate against and adapt to ocean
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IRMLUL < 6FKPLGW ' 1 =DYLDORY 3 2FHE

. (GV  &OLPDWH &KDQJH N

&$33%&,7< %8,/ ) 3URPRWH XQ&?W p%@/ Qg)&HUDELOLW\ 3DUW $ *OREDO D

RI' RFHDQ DFLGLNFDWLRQ DW L QOeRBWHMY R RH@uNnIEHhIJ*URXS |, WR WKH )LIWK
QDWLRQDO OHYHO DGPLQLVWUDWLRR)VKRIQWHEIRYHURRMRWD @ YIFRHO RQ &OLPDWH
UDLVH DZDUHQHVV RI RFHDQ DFLGUNFOMWIRERYSTUWRY €PPEULGIH sQLW

QDWLRQDO HGXFDWLRQ DJHQGDV LQ DOO FRXQWULHYV

Secretariat of the Convention on Biological Diversity (SCBD)

+< 7R LQFUHDVH SROLWLFDO PRWL¥SMRRRS WK BE W KU S h&WBY &% Vool

and ensure that people involved in the design :LOOLDPVRQ 6&%' ORQWUHDO 7HFKQLFDO 6HULH
and implementation of policies have a good ZXUOH!\ & 7KH RWKHU &2 SUREOHP 2SHQ 'HPI
XQGHUVWDQGLQJ RI ZK\ QHZ SROLFLHV OHJLVODWLRQV

HWF PXVW EH LPSOHPHQWHG 6XFKSRWEKDRNLERY (DUPRQPHOW SURIUDPPH 81
&RQVHTXHQFHV RI 2FHDQ $FLGLNFDW

key to ensure that both institutions and individuals )RRG GHFXULW\ 81(3 (PHUJLQJ ,VVXHV S8
understand they have a meaningful role to play and

to ensure the good implementation of long-term “H DW/K HUG R;?KL ZE’FF'*_'JDHQUVV $ %XLF\’NDLLDOWDU? ; OEDDJL?V'\? Q¢
VWUDWHJILHV understandlng of the observed and projected impacts of v

RFHDQ ZDUPLQJ DQG DFLGLNFDWLRQ RQ PDULQF
&2$67%8/ $1' 2&($1 0$1$*(0(17 ) 3UR/§%L\§¢H:RQRPLF DFWLYLWLHY VHFWRUV ,"'5, 6WXC
DQG VWUHQJWKHQ PXOWL VFDOH ZLWKLQ FRXQWULHYV PXOWL
VWDWH WUDQVERXQGDU\ DQG PXOWL VHFWRUDO SROLF\ WRROV
DQG OHIJLVODWLRQ IRU FRDVWDO DQG RFHDQ PDQDJHPHQW
7KLY SUHYHQWYV IXUWKHU GHJUDGDWLRQ RI FRDVWDO DQG
RFHDQ HFRV\VWHPV HQDEOHV WKH UHVWRUDWLRQ RI FULWLFDO
VI\VWHPY DQG GHYHORS VWUHQJIJWKHQ FRDVWDO VRFLHWLHYV,
DGDSWLYH FDSDFLW\

+< 7R HQDEOH VXVWDLQDEOH HFRQRPLF JURZWK DQG

avoid social breakdown of countries using the

VHUYLFHYV IURP D KHDOWK\ RFHDQ HJ %OXH *URZWK
,QWHJUDWHG &RDVWDO =RQH ODQDJHPHQW ODULQH
6SDWLDO 30DQQLQJ (FRV\WWHP %DVHG $GDSWDWLRQ

7KLV SRLQW HPSKDVL]HV WKDW FRRSHUDWLRQ FDQ EH
EHQHNFLDO DW YDULRXV OHYHOV DQG DOVR WKDW VRPH WRROV
DOUHDG\ H[LVW WR LPSOHPHQW WUDQVERXQGDU\ DFWLRQ



CONCLUSION
2FHDQ DFLGLNFDWLRQ LPSDFWV RQ FREL

.%ULGJLQJ WKH *DS EHWZHHQ 2FHDQ $FLGLNFDWL
DQG (FRQRPLF 9DOXDWLRQ/

2FHDQRJUDSKLF OXVHXP 3ULQFLSDOLW)\ Rl ORQDFR
-DQXDU\

7KH 7KLUG ,QWHUQDWLRQDO :RUNVKRS RQ WKH 6RFLR (FRQRPLF ,PSDFWV
H[SHUWV IURP WKH QDWXUDO DQG VRFLDO VFLHQFHV IURP FRXQWULHYV
DFLGLNFDWLRQ FRXOG DIIHFW GLIIHUHQW PDULQH UHVRXUFHY DQG FRDVW
VROXWLRQV 'HVSLWH XQFHUWDLQWLHY SDUWLFXODUO\ UHODWHG WR FRF
VWUHVVRUV ZH NQRZ HQRXJK WR DFW DQG DFWLRQ VKRXOG EH WDNHQ Q
on the main outcomes from the workshop dicussion:

.H\ PHVVDJHYV

3 &RPPXQLWLHY DQG DFWLYLWLHYVY PRVW DW ULVN LQFOXGH

- 6PDOO VFDOH NVKHULHY DQG PDULFXOWXUH LQ GHYHORSLQJ FRXQYV

- SRRUHU FRPPXQLWLHY DQG VRFLDO JURXSVY GHSHQGHQW RQ VX
JHQGHU LQHTXDOLWLHYV 29

- (FRQRPLHVY UHOLDQW RQ DTXDFXOWXUH RU WKUHDWHQHG HFRV\
- BRRUO\ GLYHUVLNHG ORFDO HFRQRPLHV

FRQRPLF LPSDFWV RI RFHDQ DFLGLNFDWLRQ RQ WRXULVP PD\ L
SOR\PHQW DV ZHOO DV ORVV RI WRXULVW LQIUDVWUXFWXUH GXt
HIV

FLQJ WKH URRW FDXVH Rl RFHDQHPRIMVILRREDMW)L RRVIWE&PHPDLQ WKI
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UH
3 5HG
JRDO HYHQ LI DGDSWDWLRQ RSWLRQV FDQ EH FRQVLGHUHG WR EX\
$GDSWDWLRQ PHWKRGV LQFOXGH EHKDYLRUDO FKDQJH LQIUDVWL
HFRQRPLF UHVLOLHQFH WKURXJK ORDQV WD[ FUHGLWV WD[HV LQ\
RY

3 * HUQDQFH UHIRUPV VKRXOG LQFOXGH PLWLJD
QDWLRQDO DV ZHOO DV PXOWLODWHUDO FROOD

3 %XLOG FDSDFLW\ DQG DZDUHQHVV RI RFHDQ DFLG
LQFOXGH LW LQ QDWLRQDO HGXFDWLRQ DJHQGDYV
D

|

L

H VLJQLNFDQW JDSV LQ RXU
FHV

LRQ DQG DGDSWD
RUDWLRQ FDSDFL
LN

FDWLRQ DW LQ¢

w
E

3 7TKHUH DU ELOLW\ WR FKDUDFWHUL]H C
DFLGLNFDWLRQ SUR VHVY DQG WKHLU LPSDFWV RQ WKH IRRG VXS

3 25HQ RFHDQ PRGHOV RQ RFHDQ DFLGLNFDWLRQ DUH QRW DSSOLFDE
WKHUH DUH FXUUHQWO\ YHU\ IHZ VRFLR HFRQRPLF PRGHOV DW D U]
FRPPXQLWLHY DQG PDQDJHUV

3 Oceana FLGLNFDWLRQ LPSDFWV QHHG WR EH DVVHVVHG LQ UHODWLRQ
ODERXU DQG LQFRPHV LQ FDSWXUH NVKHULHV JURZWK RI DTXDFX(
HQYLURQPHQWDO VWUHVVRUYV
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KDW FDQ FRPPXQLWLHV GR"

SHVHDUFK QHHGYV
,QIRUPDWLRQ IRU GHFLVLRQ PDNLQJ

- Improve awareness and knowledge at all levels, including on ocean
DFLGLNFDWLRQ VFLHQFH RQ WKH FRVWV DQG HIIHFWLY
and mitigation actions, and disseminate knowledge of lessons learnt
DQG EHVW SUDFWLFHYV

6XSSRUW DQG H[WHQG UHVHDUFK LQLWLDWLYHV RQ RF
linked stressors, including monitoring, particularly for vulnerable coastal
FRPPXQLWLHV
- Develop transdisciplinary food-web models for species of interest
(capture and cultural) that begin to address the complexities of the
FRDVWDO V\VWHP DQG WKH SRWHQWLDO LPSDFW RQ KXPL
- Develop good practice two-way communication between scientists
DQG HQG XVHUV

JRFDO DQG QDWLRQDO PDQDJHPHQW
$GDSWLYH PDQDJHPHQW WR DGGUHVV FRPSOH]JL

,PSURYH FRDVWDO HFRV\VWHP UHVLOLHQFH WKURXJK H
DTXDFXOWXUH PDQDJHPHQW UHVWRUDWLRQ RI NVK VWRTF
%XLOG FRPPXQLW\ UHVLOLHQFH E\ VXSSRUWLQJ GLYHU
community economies and increasing community engagement in co-
PDQDJHPHQW H J NVKHULHV
([SORUH LQQRYDWLYH NQDQFLQJ IRU DGDSWDWLRQ WR
SXEOLF SULYDWH SDUWQHUVKLSV
- Build ecosystem resilience by reducing local stress factors and creating
PDULQH SURWHFWHG DUHDYV
- Broaden opportunities for coastal communities by developing tourism
attractions based on healthy reef systems and potential alternative
OHLVXUH DFWLYLWLHYV

,QWHUQDWLRQDO SROLF\
'\QDPLF OHDGHUVKLS WR IDFLOLWDWH FKDQJH

- Work to achieve urgent reduction in CO , HPLVVLRQV :H KDYH YHU\
little time to reach substantial cuts in emissions and avoid tipping into
GDQJHURXV JRQHV
3ODFH RFHDQ DFLGLNFDWLRQ DORQJ ZLWK RWKHU FOL
DV D KLJK SULRULW\ IRU PRUH FRXQWULHYV
ODLQVWUHDP RFHDQ DFLGLNFDWLRQ LQWR JOREDO UH.
policies, plans and investment strategies for climate change,
IRU RFHDQV DQG LQ NVKHULHYVY DQG FRDVWDO PDQDJHF
JRVWHU SXEOLF DQG SULYDWH LQYHVWPHQW LQ VRFLDC
environmental capital in communities and regions considered most
YXOQHUDEOH
- Protect blue carbon sinks and design tools to include them in
FDUERQ WUDGLQJ
ODNH RFHDQ DFLGLNFDWLRQ SURMHFWY HOLJLEOH WR W
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