OREQISfnalreport  Jan 27,2005 ~~~~~~~~~~~~~ Pagelofl32

FINAL REPORT
Confidential

CONTRACT N™: EVK2-CT-2001-00100

PROJECT TITLE: ORFOIS
"ORigin and Eate of biogenic particle fluxes in the Ocean and their imteractions
with the atmos pheric CO: concentration as well as the nE|rine EEdiInEllt”

PROJECT CO-ORDINATOR: Christoph Heinze, NERI ( now at University
of Bergen, Norway, email: heinze @gfi. uib.no)

PARTNERS: 1. NERI., Denmark
2LSCE. France
ALUBO/CNRS, France
4.MP G.IMET, Germany
5.Uni-HH, Germany
oNCMR, Greece
T.NIOO, Netherlands
8.UEA., United Kingdom

REFERENCE PERIOD: December L, 2001 — May 3L, 2004
STARTING DATE: December L, 2001 DURATION: 3 years
Date of issue of this report: January 27, 2005

Project funded by the European Commmnity under FP5.

Volume includes:

Management report June L, 2004 — November 30, 2004
Periodic report December L, 2003 — November 30, 2004
Final report December L, 2001 — November 30, 2004

Project home page: littp://www.pa izaca de/Projects/ORFOIS/



OREQISfnalreport  Jan 27,2000 ~~~~~~~~~~~~ Pageloll32

PARTICIPANTS INFORMATION:

Na|

Institution Address Pl name Phoneffar e ail
Workplace of coordinator, Alkgaen 70, 15007 Bargen, D Chrisooph Heinze F+d7 555895844 heinze@gfivibn
Uniersiy of B ergen, Mareay Pet for GkbalCarbon  [F+47 55589883 ¢
Geophysial Inscxe, Cyvcle Modelling
Ejerknes Cencre for
Climare Reszarch
IMarional Emvironmenml  Frederiksborgvej 399, POBox 358, Dir. Jargen B endosen P45 6501865 F job @dmudk
Ressarch Insinies DE-4000 Roskide, DEMMARK 45 650 1114

MHERI

Zlabomaoine des Sciences T EM Sachy - Orme des Meriisrs

di Climar =cde Eac. 709 F- 91191 Gif-mar-Y vame
TI'Envinnn=msnc, CEDEX ., FEAMCE

CEA DSH

CEA-DSK

Tir. ¥larion SGehl=n

P +33 169E8572
F+33 1690877 16

gehilenid
lzca mch v oea fr

Slabompoire des Sciences  Inscimc Unives kaire Bunopéen de la
de I'Emvironnement Farin War (ILER &, PlaceMiko bs
ILEWARYL LR Coparnic, Technopd b= Brea-Toise,
CHMRES 6553 UBO F-292%50 Plouzans, FRATCE

dllax Planck Irsciniee of Bundesscmsse 55 To201ds

Ko by Hamburg, GERBLATY
MFIGIMET |
SHamburg Univesiy, Bundesstrasse 55, D-20144

Resz=arch Unk
Ssminabiliy and Global
Changs, Ceme br
Flarine and Climae=
Ressarch  Thi-HH |
abrional Cencer for PO Box T12, Amvyssos 190 15,
Klarine Research Ireriniee GREECE
ofCcmnogophy
HCKER
THecherhnds Insinies of
Ecology, Cenere fior
Esmiarine and Karine
Ecology Moo

Hamburg, GERMAMY

Korringaweg 7, PO Box 140, ML-

4400 AC Wemebs METHERLATI DS

Dir. Micolas Dioex

Tir. Em= Fhizr-Reimer
D Chrizmoph Heinze

Dir. Richard 5.1. Tal
Tlicho=l Cims Professor of
Seraimbilicy and Glabal
Change

Tir. Kacrin R shdan:

Jidr. Thmoas Heinzony

. Pamgiotis
Telichalo pou bes

O Farline Soemer

P +35 258 493675
F +35 208 J98445

P49 40 41173255
F+49 40 41173258

S 0 438 R TS
F 48 40 4212337000

P 43 020LOTEAAT
F430109L07a%1%

P +31 113 57730
F+31 113 573416

nicolas dimeni@n
niv-bresc fr

maiET-reimer il

dirzde

P 4+ 40 4157 007 P ol @ dhbsde

pmictak @

ncmrgr

I s e D
nica. knaw nl

Elnnersiy of Easx Anglia, Universiy Plain, MR 7T1
Schoo | of Envionmenal Morwidh, UINITE D KIREG Ty
Sciences LIEA

Dir. Damodhee Baklber

P+ 16035 592648
F+4d 16035 5913527

D Bakkeri
nmacuk




OREQISfinalreport  Jan 27,2005  Pageldoll32

SECTION 1:
MANAGEMENT AND RESOURCE USAGE SUMMARY, RELATED TO THE
REFORTING PERIOD JUNE 1. 2004 —-NOVEMEBER 30, 2004

SL1 Objectives of the reporting period

Manths 31-36, the final half vear of ORFOLS, were dedicated to workpackages 6,7, 8,9
and L. The abjectives of theze workpackages are:

WPa. Optimisation ot the prognostic svstem.

To (a) provide optimised runs of BOGCMs [ and I, (b) update the high quality data base
of C, M. and 5i cycling in the world ocean, (c) revise process pammeterizations of the
water column and sediment commonity modules, (d) 22t op cormected atmospheric forcing
tields.

WPT. Model application and demanstration.

Tao (a) provide an improved simolation of surface ocean COh soorces and sinks and a
clozed biogeochemical budget for the preindustrial ocean, (b) assess modifications in
surtace ocean production patterns and associated changes in particle flumes for climatic
warmin g scenarios, |d) assess first order ettects for anthropogenic carbon sequestration
SCENATION.

WPE. Economic svaluation.

To (a) estimate regional emission redoction cost differentials for the optimized marine
carbon cycle representations of WPs6 and 7, (o) estimate the costs of ssquestering
carbon intheacean [(d) deleted, s2e kick-oft mesting].

WP, Dizssemination.

To [a) provide all necessary tools tor optimal mwse of and advertise the models (particle
tlox and early diagenesis commuonity models, BOGCMz) and the data base of
observations to the public, (b) forward results of project to end users and the non-
specialists.

WPLA. Coordination:
To enzure timelv submission of deliverables, coordinate the project tlo w, compile the
management and scientific reports tor the EC, enhance communication betwesn partners,

organie work shops, keep in touch with the consoltants, promote dissemination of resolts
(month L-36].
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5 1.2 Scientific/technical progress made in different work packages according fo the
planned time schedule

The activities were camied out as planned according to Tables | and 2.

Table 1: Diagram showing the carried out (O) and pla nned (X) activities.

WP no. Workpackage name Year 1 Year 2 Year 3

LD ata base compilation of observations o000 |00
2Process parameterizations o000 (O
dCommuonity model development o000 (O
4Compilation of model torcing fislds o0
SBOGCM implementation o0 |00 _
60 ptimization of the pmgnostic system 0000 00 00
TModel application and demonstration o0 0000
E_E.mnnmic evaloation 00 00 00
SDissemination O 00

LOCoordination Q000 (0000 |00 00

Table 1: Workpackage list ( including changes according to amend ment).
See also table with comparison bemeen planned and used manpower and finan cial
resonrees by wark packages and partners at end af this section.

Table WPA workpackage /partner manpower matrix,
alloearion of manpower to W=

Wrk-

[rancie PAIETNEDN — 1 2] 3 51 6 T B tomal
age

me | WORKPACHALGE NAMIE

1| Drmca b sompilation of oleeavations i o2 o] a2 ofl= £

2 | Proeess paramelerisalions oldrs 1 13 2110 12| O Hi.G

3| Comrmnity moede! sonree cowde developnens B a0 2 a0 &0 17

4 | Compalatiim of enodel furcing fedds w O | | | I 11 | 4

| BOCCK iop kst ation o K T LT (I o I T N (N I 16

[ | Oplimiaation of the progoosis ayawm 1 | 125|806 B3] 080 17|14 128l

7| Mulel appbosten and dermstraton B AR 1=

5 | Soeigoroaomic evalunlion I g o |l oal oo o a G

B | Dissconinat on bl ] 0 -] 1 G i 3T

1 | Conrd inatine 1 ol 20 a0 | o ]!

| [ TOITAT, 40 | TE| B AR |10 | BE SE | 96 HUE

Clhmges] cnrries wich naspesamivs toorigiond talile due to apsoelwear see given io bold,

These changes have Leen deseribed Do che dosoments chal wepe peovided as Baadation B the
armendment, boor mol npcladed Tnochis cabibe before, TR I done noe wilh ihis Lalie.
Subanisaion of clee dediveralles i oo alfected be Lhis change

The cocedination months of pactaer 2 are mwcanha eovered by Oladstoph Helnge o MPT of
B bepology and Unlverziby of Dergen (provided oo permaseal suall resources .
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Detailed description of the progress made:

Below we describe concisely the technical progress made in the ditterent workpackages.
The presentation and summary of the scientific results will be done in Sections 2 and 3 of
this report package.

WP6. Optimisation of the prognostic system:

6.1 Comparison between BOGCM outpuss and observations, identification af the crucial
disagreements fo be removed (parmers {2, 3 4.6, 7, 8.

This task was mainly carried out in the previoms reporting period. Some finalizing wortk
was carried ouot.

6.2 Tune BOGCMs aptimally using an SVD rechnigue {parmers £, 2, 4).
See previo s management report.
6.3 Fill in gaps in data coverage for model verification {parters 3, 6, 8.

Continvously new data sets were fed into the PANGAE A data base. This process will go
an b=vand the tormal =nd of ORECLS.

6.4 Revise ammosphenc forcing {e.g., for ACC strengrh adustment) {parmers 4. 2).

Partner | completed the work on the forcing data sets. The complete dataset of the
GSDI0 experiment (ECHAMA/OPYC coupled climate madel warming ron incloding
asrosols as wsed for input to anthropogenic tuture runs with BOGCM I are now stored
on 14 DWID¥s. Also the data set for the GHG experiment (same as GSDIO but withonot
acrosols) was prepared based on monthly averaged dataset available tor the period L860-
2100 was compiled. The GSDI0 and GHG-toring fizlds have been compared with the
OMIP-torcing tields and verified.

6.5 Quality check of the observations (partmers 3, 6, 8.

Comsistency checks and quality tests wer made with all data which were fed into the
data base.

6.6 Revise process parame ferizations through 1-D modeling and feed these improvements
nta the community model components as used by BOGCMs T and IT {through use of the
ClearCase source code control syvstem including the test af the [-D codes in selected case
studies) {parmers 2, 3, 4 6. 7, 8.

The 1-D modeling svstems were retined and brooght ta the latest statos and are qoasi-
operationallv running. Comprehensive docomentation about the models was provided.



WF7. Model application and demonstration:

71 Final integration af the preindustrial reference runs with BOGCMs Tand ITusing the
aptimized prognostic system {partmers 1, 2).

BOGCM T (HAMOCCS) and BOGCW II (OPA-PISCES) were integrated for

preindustrial conditions  into  guasi-equilibriom a5 a2 bhasis for the sobsequent
anthrapagenic climate change scenarios.

7.2 Inte gration of greenhouse gas induced wamming scenarios restarting from
preindustrial conditions (partners 1, 2).

The transient climate scenarios by partner L withBOGCM T were based onthe GHG-
torcing fields as these coverthe whole period L860-2100, whereas the GSDIO only is
available from the period LBGO-2050 (for GS0L0 and GHG see WPG). Climate change
scenarios based on the forcing fields from the GHG-scenario have been integrated. In
addition, tast integrations of the tmmsient carbon uptake has been carried oot where the
physical tields trom present day conditions are used and the atmospheric pC O, changes
according to L5924

BOGCM I OPA-PISCES ) was used by partner 2 tora series of global warming
scenarios torced by coupling with the IPSL atmospheric model. In general, a reduced
nptake of anthropogenic carbon under warming conditions was realized.

7.3 Integration of Fe-fertilisation scenara introducing additional iron input fo areas with
high preformed nutmient surface concentrations {resta it from modern conditions, few
hundred vears {parmers 1, 2).

Partners 2 (BOGCM IL) and 4 (BOGCM I carried out Fe tertilization experiments

including the new particle dvnamics modules.

7.4 Inte gration of deep ocean C0: disposal scenario through COz infection into selected
Cal0y rich deep sea areas (parmers [, 2).

An ORFOLS injection experiment was carried ot by partner 4 (instead of partner L, due

to the intermediate move trom C. Heinze to partner L) with a simplitied version of
BOGCMI.

7.5 Inte gration of glacial ocean scenario (parmer 41

Partner 4 carried out a comprehensive glacial ocean scenario with a simplified version of
BOGCM L. The glacial scenario was added to the project atterthe propozal evaluation
and was asscoizated with a comsidetable tisk. The scenario nevertheless turned oot to be
successtul.
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76 Compidation of results for econamic evaluation (parmers {, 2).

Done in previows reporting petiod.

WPS. Econoni evaluation:

8.1 Adoprion of already existing models for the specific purpose of the project { partmer
Al

Done in earlier reporting period.

8.2 Estimate differences in carbo n fluxes due fo the alternative repressntation of the
marine carbon cyvele and estimate impact on the costs af meeting certain emission
redhiction targets (partmer 5).

The impact of ocean carbon sources and sinks on international climate policy was
assessed. Doe to the extremely high costs of the BOGCMsz only one scenario was used
forthe sconomic evaluation. The svaluation carried out, hawever, can be 1B2d to sstimate

the ditterences in CO4 soorces and sinks tor future comparsons of BOGCM runs.

83 Estimate (based an previous stepl) () effects on atmosphenic CO; concentrations,
climate change and sea level rise, and (2) differences in the impacts of climate change
and sea level rise (parmer 5|

The mariginal costs of cartbon dioxide emissions were estimated in two ditferent ways:
(L)the marginal damage costs, (2] the marginal abatement costs, using model FUND.

8.4 Complementation af the impact estimates of marine carbon sequestration on carbon
cvcle and ecology af WP with estimates af the costs of marine carbon sequestration
{parter 5).

Damage costs were included inthe estimate under 8.3 . The eco nomic value of inclusion
of acean ginks (natural oneg) in smiz=ion trade was estimated.

(8.5 Omirted see kick-off meeting. |

WP, DeEsemination:

From the start of the project, ORFOLS has presented itself via [nternet at
http A www pangasa.de/Pmojects/ORE OIS with all information necessary to follow at any
time the actoal state of the project. This is realized through regolar opdates of the

deliverables requested o n the results web page (ot
http://www .pangaea.de/Pmjects/ORF OIS/ Results/ ). Depending on nature and
dissemination level resolts were “published” publicly or with restricted access by mquest
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thrangh the coardinator. Furthermore, the bibliography created under ORFDIS can be
accessed through the web (cf.

hitp:/f www . pangasa.de/ddi/ORECLE  Bibliography.tab Theader=Proj=ctPa geHead = 18 head
erparam=0RFOISE Resnlts. Bibhography &title=Ribhography &request="Proj=cts/ORE 0L
S/Resolts/Reterences & format=html ). Only it agresd explicitly, presentations given at
workshops and conferences are put online as well (cf.

http://www .pangasa.de/Proj ects/ORF OLS/Resolts/presentatio ns. html | tor nse withor
without restriction by the ariginator.

@I Data base af abssrvations inchiding user mamal: {({Jon CO-ROM including
documentation on data sets, and how fo copy them, {2 electronic on-line publication
on the Internet (parmers 3, 6, 81

CD and internet presentation wers finalized and are available.

8.2 Community model compe nents (ecologicalfparticle flux dvnamics and sediment eardy
dia genesis modules): () Electronic online publication on the Inte met within the pool
afa leading climate ressarch computing facility, {2} publication on paper as
technical report in an established repart senes (direct distribution to
librariessubscribers) (parmers £, 2, 3. 4.6, 7).

MModel doc umentations and downloadable mode] versions are available for L-D
pacjages, and B OGCM= T+IL

@3 FOGCMs T and [T plus output from pre industrial. climate change, and carbon
seguestration runs: (1) Electronic online publication on the Internet at leading
climate research computing facidities, (2| Publication an paper as tecinical repart
within an estald ished report series (with direct distribution to librares and other
subscribers), (3 ) storage of model results in online data base and forwarding af meta
information to European and overssas data centers (such as COJAC, Oak Ridge,
USA) (partmers 1, 2).

Docomentations were written, BOGCM T iz available within the mode] pool of partner 4
(Model&Data group).

@4 Publication of results including economic evaluation as handout for the public
{school, university, policy makers. fisheries agencies such as the ICES, energy and
I'ife science enterprises and other end users) (all partners ).

We decided to present the ORFOLS rezults mther in form ot a virtnal exhibit than a hand
ounttolder. The experience twwm last veas has shown the pooretticiency of handouts. As
meanwhile, readily vs=able software for virtual exhibits is available, this form for
ontreach presentations was chosen tor ORFOLS. The exhibit is currently in work on basis
of the latest rezolts and will be available in near futore.

8.5 Updarte af project’s web page (parmer 3, with contributions from all partmers).
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Continvovsly done.

@6 Final project workshop, witich will be advertised fo the scientific and end user
community {parmer {, with cantributions from all parmers).

The tinal ORFOLS workshop was held at the Elsa-Brindstrdm-House in Hamburg-
Blankenese, Germany, doring Mov 24-26, 2004 At least one FL from each partner
attended the meeting. lEabelle Dadon and Axel Michaslo wa were present as external
consultant. Giovanni Angeletti from the Enropean Commission attended the mesting. At
the end ot the workshop (Mov 28] a discussionon ocean carbon cvele policy issues and
research issues for FP7 were carried oot

Information aboot poblications, conterence/workshop attendance, postems, talks etc. inthe
troamwrok of dissemination is given in Section 2, paragraph 52.1 further below.

WP10. Coordination:

Christoph Heinze continved to act as coordinator incharge of the project trom his new
workplace (since Jan L, 2004 ) Univesrity of Bergen ino contractor of OREFOLS). This
tinal report was prepared. The deliverable responsibilities were coordinated . The final
workshop incloding agenda and logistics was organized. The administrative/tinancial and
tormal coordination of the project mmained at MERL Roskilde (partner L) The costs
statements and the monev transters were theretore carried out by MERL The support by
Jdrgen Bendtsen and Helle Kofoed (both MERT for this is gratetully ackno wledged.
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SL3 Milestones and deliverables obtained
Milestones:
The following tinal WP milestones were achieved by month 36:

WPa. Optimisation ot the prognostic svstem:
The entire prognostic svstem is refined, tested, archived, and documented

WP, Model application and demonstration:
Retined climate change (global warming), iron tertilization, glacial ocean and carbon
ssquestration scenarios available.

WPE. Economic evaluation:
Climate change carbon cvecle and carbon nptake scenario was economically evaluated.

WP, Dissemination:
Resnlts of the project were made available tor the public and disse mination progresses.

WPLA. Coordination:
The intermediate and final summaries/repoits on the project are available. The tinal
public workshop including all participants and consoltants was held as planned.
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Deliverables:

The tollowing delivembles were prduced during the reporting period:

Vo. Pdhmb!e- title

Month IFarm::i‘

nd sinks and oceanic biomass for

nhouse gas induced warming
nditions [partners L, 2, 4.

Criginally it was planned to carry ot twin
uns with and withoot particle dyvnamics.
1z will probably naot be feasible due to the
unexpectedly high costs for integmting the
odels. If only one experiment can be
arried oot per scenarion, this should be the

uns WITH particle dvnamics.

L t:.:m.:tg:m:nt repart to the EC atter 30 50 IP.:LP:r.
anths.
36 If[m'it.:Lticln to final project workshap. 33 IE.m.:LiI.
LE Dptlmm:d data s=tz of observations 1] CO-ROM
including data coverage in key regions tor [Se= alza deliverables 323
DGCM tuning, 'EII'I.'.'I.l Ch-ROn '-'-Iﬂ'l data
19 DP‘tIl'I.'IIE:d process parameterisations 1] m't including processes,
imple mented within the community model nations.
mponents. "3 L0 pages.
20 |Optimised community modelsource codes |36 odel docuomentations as
‘hichcan be conpled in a user friendly wav ief reports incloding
ather models (1-D, 3-D. dress of contact person tor
nrce code
also deliverable 33
2L Dptlmiscd preindustrial phyvsical oczan 30 m't and DV D
rcing fizlds which are consistent with the
ce=an modsl physical fi=lds.
22 C-:Impariszln between BOGCM L BOGCHM |36 Erlcf report (see also
.:Ln:| abservations. eliverable 25].
K] Est of publications an the prognostic 1] Flst of submitted, accepted,
vatermn (respoarsible partners L, 2, 4,7, with blished papers.
ntributions from allj.
25 E:II:IE:-:I carbon and natri=nt balance for the |36 Frl:f report (see also
reindustrial ocean incluoding marine eliverabl= 22
ediments (partners L, 2, 4, 7]
stributio n of surtacs oczan CO, sources |36 CO.fh maps and pCo,

ps tor difterent models
nd different seasoms (s=e

lsa deliverables 27 and 28
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27 |Ditributio n of surface aczan OO, soorces |36 CO,flhe maps and pCoy,
and sinks and marine biomass under Fe- ps tor difterent models
E:[rli lisation of HMLC regions: nd different seasons (see

ethod: Starts ron including dost lzo deliverables 27 and 28]
deposition, then switches otf iron
ff=rtilizatio n for a few vears and switches it
on again, Lanrent switch onfoff fertil.
| Responsible: [ Kriest, E. Maier-Reimer, L.
IE-:l'pp. b1 Gehlzn)

28 |Distributio n of sarface ocean OO sonrces |36 COxflux maps and pCCh
hnd sinks and sediment coverage under ps.
deep-ocean disposal of COy:

These runs shonld be carried oot preterably

WITH particle dynamics. Boildingon

[emisting scenarios may be possible. A

description on changes due to accounting

t particle dvnamics shoold be incloded.
(Respons.: partners 2, 4+
28a|Detribotio n of surface oczan COh sonrces |36 riet report with kev resolts

nd sinks and sediment coverage tor a = kv data s=ts on CD-
lacial ocsan scenaria. FDM.

29 |List of publications on application ot the |36 izt of submitted, accepted,

rognostic svstem. nhlished papers.

30 |Estimates of economic impactof changes inf36 ricf report with msolts (see

ea surtace CO, somce/sink patterns. nbmitted paper, delivemble
3L).

31 Est ot publications on economic 36 ist of submitted, accepted.

raluation. nhlished papers.

32 |Public data sets incloding nser mannal. 365 riet reports and meta

information on data, Brief
numal on how to retrisve

he data.

[Se= alzo deliverabls LE).

33 [E’ublic mads] source codes and model data. |36 |52 also deliverable 20.

34 F::a:nt.:l.tiun ot the mainsteps and wsults |30 website

r non-specialists.
35 |Electronic (online) presentation of the main |36 website
tepzs and results.
This task has alread v started and will be
carried out until the project end.
49 [Final workshap. 365 Agenda. Workshop logistics
I:tc.







