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Statementfromthe

board

T
The board s pleased withthe perfo

of the Bjerknes Centreduring2013; bothin
terms researchactivities, volume of scientific
outputand contribution to the international
climate research. Scientists affiliated with the
Bjerknes Centre succeeded inacquiringan
unprecedented numberof research grants
fromthe Research Council of Norway, the
Nordic Top Initiatives and the European
Commission. This willenhance and expand
personnelandscientificactivitiesinthe
comingyears. .

The termination of the fundingto the
Centre of Excellencein 2012and the new
funding from the Ministry of Educationand
Researchto the Centre for€ljmate Dynamics
promptedarevision of the governance of
both organisations. The board looks forward
tothe emergingsingle and simplified
governance structure.

The Bjerknes Centreisanumbrellaorganisation
involvingthe University of Bergen, UniResearch,
the Institute of Marine Researchandthe
Nansen Environmentaland Remote Sensing
Center, inskilful cooperation formore thana
decade. This collaboration has produced high
quality-and some world leading - science,
acknowledged by its nationaland international
peers. The board s thus convinced that the
groundsare set for continuingsuccessinthe
new phase of the Bjerknes Centre.

Nyksund, Vesterdlen
A beautiful backdrop for the

Advanced Climate Dynamics Courses
N August 2013.
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New governance
and opportunities

TORE FUREVIK, DIRECTOR OF THE BJERKNES CENTRE FOR CLIMATE RESEARCH

Afteradecade asanational Centre of Excellence (CoE) under the
leadership of Eystein Jansen, the Bjerknes Centre has evolvedintoa
large scientific community with astrongnationaland international
standing. With the CoE funding ending last year, 2013 marked the start
ofanew phaseinthelife of the Centre. The year was devoted not

only to consolidating our position asaleading international climate
research centre, butalsoto performingastructural reorganisationin
light of the new funding from the government to the Centre for Climate
Dynamics (SKD) in order to optimize existing resources and promote
further growth interms of scientific output. Asaresult, the Bjerknes
Centre and SKD merged into asingle governance structure consisting
ofanewdirectoraswellasanewboard, leader groupand research
groups. One of my first tasks will be tolead the work towards a vision
statementas well as the design of a newscience and implementation
planforthe Bjerknes Centreinthe comingyears.

Thisyear has been exceptional in terms of science achievements,
grantawards, researchtraining, recruitmentand outreach. The number
of peer-review publications hitarecord high. In terms of funding,
Bjerknes scientistsachieved the highest success rate inthe centre’s
history during the last callfrom the NORKLIMA programme of the
Research Council of Norway (RCN). Nine out of thirteen grants,encom-
passing more than two-thirds of the funds available were awarded to
the partners of the Bjerknes Centre. Additional fundingincluded six
grantsunder RCN“s funding scheme forindependent basic research -
FRIPRO - (includinga “Young Research Talent” award), one grant from
the Nordic Top Initiatives on the impact of future cryospheric changes,
and one grant from EU s FP7 on prediction of tropical Atlantic climate.
And last, but not least, the Bjerknes Centre teamed with colleagues

from Denmark towin Norway s first European Research Council Synergy
grant-“Ice2lce”-a12.5million Euroresearch project over five years.

Thereare close to 30 PhD candidates and asimilar number of
post-doctoral fellows associated with the Bjerknes Centre, bothin
in-kind positionsat the partnerinstitutions or in positions funded
through research projects. Further new positions willbe associatedin
2014 thanks to the substantial new external funding mentioned above.
These youngscientists willbe provided with astimulating environment
through the activities of the Norwegian Research Schoolfor Climate
Dynamics (ResCLIM) as wellas through a partnership programme in
climate research with institutions from Canadaand the USA. These
include various funding schemes,annual summer schools,and regular
coursesin geophysical fluid dynamics, seaice dynamics, statistics,
academic writing, communication,and much more. An outstanding
example of what can be accomplished s the international ClimateSnack
community that has been developed by Mathew Reeve.

Inthe international climate arena, the Bjerknes Centre made major con-
tributionsto IPCC’s Fifth Assessment Report (ARs). With colleagues
in Oslo we provided model scenarios from the Norwegian Earth
System Model (NorESM), placing Norway among the few European
countries capable of delivering state-of-the-art climate modelling data
totheassessment. Three Bjerknes scientists were lead authors; two
review editorsand four contributingauthors. While the overallhuman
influence on the climate system now s clear, this winter’s flooding in
Englandand record high temperatures, droughts and wild fires in many
parts of Norway are indicators that we still have work to do before we
understandallaspects of climate change.
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Objectivesand Research

The Bjerknes Centre for Climate Research (BCCR) focuses on the natural

science of climate change and is a prime provider of science-based

knowledge on global change to society. Itis the largest climate research

centre inthe Nordic countries.

BCCRwill continue to be at the international
research front by virtue of its unique strength:
the combination of observations, theories
and modelinginamulti-disciplinary research
fashion. For this,the BCCR community
involves marine, terrestrial,and atmospheric
scientistsaiming to understand the complex-
ity of the dynamics of the climate systemin
the past, present and future. Inaddition, BCCR
coordinates the national research trainingin
climate dynamicsandaimsat becomingthe
first port of call of global surface marine CO2
dataandrelated variables.

Bjerknes” new governance promptedthe
revision of the keyareas of research as wellas
the organisation of the research groups (RG).
The RGsarein charge of theimplementation
of the centre s scientific strategyand so the
former five teams were thenre-arrangedinto
sevennewgroups.

Keyareas of research

Natural variability of the climate
systemand man-made climate
change

Identification of key processes of
the climate systeminthe northern
high-latitudes

Earth System modelingand
regional modelsfor climate
scenarios on global to local scales

Development of climate prediction
capacities on seasonal to decadal
scales

Oceanand land biogeochemistry
Reconstructionand modeling of

past climates from millennial to
glacialtime scales

Annual report Bjerknes Centre 2013

Research groups

Theresearch groups are teams com-
posed of scientists, PhD candidates
and technical staff thatimplement
the Centre ‘skeyareas of research.
Theseare:

@ Climate model development
and projections

© Climate predictions from
globaltoregional scales

© Carboncycleand
biogeochemistry

@ Large-scaleatmosphere-ocean
dynamics

© Atmosphere, cryosphere
and ocean processes

@ Natural climate variability

@ Past climate dynamics
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Our climate footprints
change the planet

The footprints of mankind leave ever more imprints
onthe climate,according to the Fifth Assessment
Report (AR5) from the Intergovernmental Panel on
Climate Change (IPCC). Interview with Prof. Eystein
Jansen,Lead Author of the chapter “Information
from Paleoclimatic Archives”in the IPCC AR5 report.

BY JILL JOHANNESSEN (TRANSLATION BY SVERRE OLE DRONEN AND BEATRIZ BALINO)
SHORTENED VERSION, FULL TEXT AVAILABLE AT WWW.BJERKNES.UIBNO

“If we are to stay below the “2>-degree” target, we must start
transforming into arenewable energy society now.”

This was the clear message from Prof. Jansen upon the release of

IPCC ARsreport. AR5 provides the most updated and comprehensive
knowledge of changes of the climate systemand creates the scientific
basis for climate policy over the next sixyears,both in Norwayand
internationally. The Bjerknes Centre is responsible for the development
andimplementation of the Norwegian Earth System model (NorESM),
which provided global climate projectionsto the report.

“Averyimportant discovery s that the footprint of our greenhouse
gasemissions is very evident in the climate system. The humanimpact
uponthe temperature development s clear on every continent, except
Antarctica, but alsoonanumberof other factors”, Prof. Jansen says,
listing:

e Riseinsealevel.

e Thechemical composition of the ocean (for example acidification
andsalinity).

e Changingice/snow conditions (for example melting of glaciers,
retreating Arctic seaice and the snow cover onlandinthe northern
hemisphere).

e Heatwaves.

e Changesof the ozone layer.

e Changesin precipitation patterns (significant increase in precipitation
and of extreme precipitation eventsin the mid-to high-latitude
northernhemisphere).

Global warmingina2000-year perspective

Theinclusion of major reconstructions of past climates fromawide
variety of sourcesis novelin the present report. These are sources such
astreerings,stalagmites,ice cores,sediments cored from lakes and

Annual report Bjerknes Centre 2013

@ Thefront page of the IPCC WG1reportis fromthe
Folgefonnaglacier fromtheautumn of 2006,ayear
with extensive meltingall over the glacier.

the seafloor. They enabled scientists to identify the emergence of a
significant human component of warmingin recent decades on major
continentssuchas Asiaand South America.

“Past climate reconstructions from all continents, with the exception of
Africawherethereisascarcity of data, clearly showthat today’s global
warming is unique ina 2,000 year perspective”, Prof. Jansen says.

TheIPCChasalso updated estimates of globaland regional rise inaverage
sealevels.If greenhouse-gas emissions continue at present levels, then
itisexpectedthat sealevel may rise as much as one meter within this
century.And evenif emissionsare reducedto meet the 2-degree target,
sealevel willstill continue torise, byas muchas 50 cm, by the end of the
century.

Accordingto Jansen, we have just seen the beginning:

“This report shows that what we have seen so faris just the beginning of
along-termrise in sealevel which, on a time scale of centuries, will reach
several meters. There s clear evidence of along-term, several meters
rise in sealevel from studies of past climates with temperatures not
much higher thanthose we have now.”

“A great responsibility resting on the shoulders of our generation”
Today, the pace of changesinthe driversandin several responsesisas
muchas 20 times faster than what we have reconstructed for climate
changesinthe past. The planetis underamajor pressure not experi-
encedin the time humankind has existed asa species. There is nothing
inthe past comparable to the present situation.

“The choices we make in the next couple of decades will determine how
much risk we impose on future generations. Vast resources will be
requiredto adapt to and repair the effects of a climate in constant flux.”
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Contributing to the IPCC Fifth

Assessment Report

EysteinJansen, Peter Thorne and Christoph Heinze
have been respectively lead authorsand review edi-
torinthe IPCC Working Group 1.

Severalresearchers at the Bjerknes Centre have contributed to

the IPCC, Working Group 1report "the Physical Science Basis”. The
Bjerknes Centre also performed global climate model simulationsin
support of the IPCCreport. The Bjerknes authors have contributed
withinput on several topics including paleoclimates, observations,and
carbon cycle. Trond Dokken, Jerry Tjiputra (both Uni Research) and
Camille Li (UiB) were contributingauthors.

Peter Thorne, senior scientist at the Nansen Centre was lead author of
Chapter 2,whichis concerned with observations. Thorne lists up some
important findings:

“Itis certain that radiatively active trace gases (Carbon Dioxide, Methane
etc.)areoverallincreasing. It is also certain that over the last 150 years
surface temperatures have risen. Each of the last three decades have
been significantly warmer inturn that all decades that preceded them
inthe instrumental record. Corroborating evidence foraworldthat has
warmed is provided by changes in other closely related climate system
properties.”

Warming evidenceis clear
Accordingto Thorne, the evidence of aworld that has warmed s clear
fromhighinthe atmosphere todeepinthe oceans.

“It has been verified many times over. Inawarming world we would
expect the troposphere (the lowest atmosphere where for example
clouds occur) andthe ocean to warm, the atmospheric water content
toincrease, sealevel to rise and for glaciers, sea ice and spring snow
covertodecrease. Allthese things have indeed occured and have been
confirmed by multiple independent analyses from multiple groups of
analysts invery many countries.”

Yet,observed changesin some things are less certain: “Changes in
precipitation are less well understood as are changes in many climate
extremes such as tropical cyclones. Changes in circulation seem to be
largely cyclicalin many cases. The exception is emerging evidence for
abroadening of the tropical circulation which appears to be a robust
feature” @

The Bjerknes Contribution to the IPCC 0



Reduced uptake capacity

Christoph Heinze, Professor of chemical oceanography at UiB has been
review editor of Chapter 6, “Carbonand Other Biogeochemical Cycles”.
This chapter deals primarily with the budgets of greenhouse gases and
the feedback between these gases and the climate system.

Comparedto previous assessment reports, now the veryimportant
greenhouse gases nitrous oxide (N,O) and methane (CH, ) have been
consideredin more detail, next to carbon dioxide (CO,).

“Thereason for thisis that the observational data bases for these gases
inthe different Earth system compartments, such asatmosphere, land,
ocean, could be extended and that predictive models are starting to
include these gases as well” Heinze states.

Areduced uptake capacity foranthropogenic carbonwas revealed by
the two models which included the coupling of nitrogenand carbon
cyclesonlandintheir process descriptions. This is because the CO,
induced stimulation of carbon uptake by land plantsis then limited also
byavailable nitrogen.

Accordingto Heinze, this picture can change again, when reactive
nitrogen sources due to anthropogenicactivityareincluded inmore
detailed computations.

Fifteenyears of global
climate modelling

The Bergen Climate Model was the admission ticket
tothe Bjerknes Centretojointhe league of European
expert modellinggroups to deliver model scenarios
tothe IPCC AR4.Since then Bjerknes haslead the
nationally coordinated effort towards the development
of the Norwegian Earth System Model- NorESM

BYHELGE DRANGE & ASGEIR SORTEBERG

NorESMis the result of 15 years of global climate modelling activities in
Norway, whose main contributors have been the Bjerknes Centre for
Climate Research, the University of Bergen, the Norwegian Meteoro-
logical Institute,and the University of Oslo.

NorESMis based on the Community Climate System Model operated
atthe National Center for Atmospheric Research, Boulder, Colorado,

e Annual report Bjerknes Centre 2013



@ Simulated change in mean surface air temperature (K) with NorESM from 1976-2005 to 2071-2100. Upper panel represents an emission
scenariowith strongly reduced greenhouse gas emissions (RCP2.6), where the lower pale represents a “business-as-usual” emission

scenario (RCP8.5). Figure from Iversenetal. (2013).

butdiffersfromthe latter by, in particular,an ocean general circulation
modeldevelopedin Bergenand chemistry-aerosol-cloud-radiation
interaction schemes developed in Oslo.

NorESMis one of several global climate models that contributed to
the IPCC ARs. For this, a total of about 5000 modelyears have been
run, coveringthe years 1850-2100 and with one integration extending
toyear2300. Three versions of the model is available, one of which
includes fully dynamic carbon cycle.

As of March 2014, results from NorESM have been usedin more than
200 publicationsininternational refereed journals,making NorESM
one of the most frequently used climate models. Aspecial issue was
establishedinthe journal Geophysical Model Development, describing
the basic development, validation, scientificanalyses,and climate
scenarios made with NorESM.

Overthepast threeyears, the grant to SKD has supported the development
of NorESM by securing the core personnel previously responsible for

the Bergen Climate Model. In addition, it fundedlead and reviewauthors
affiliated with the Bjerknes Centre involvedin the writing process of the
IPCC ARs,

Dedicated SKD-funding has been tailored towards analysis of the global
carbon cycle;ocean processesand the role of seaice inthe Arctic;
glacial climate states; planetary boundarylayer processes; North Sea
regional assessment of IPCC AR5 model runs; response of storm tracks
to globalwarming;and changes and variability in the Indian monsoon.
These activities, lead by Asgeir Sortebergat UiB,were finalized in 2013
andtheresultswill be presentedinadedicated publication.

Iversen, T, M. Bentsen, |. Bethke, J.B.Debernard, A. Kirkevdg, @. Seland, H. Drange, J.E.
Kristjansson, |. Medhaug,M.Sand,and | A. Seierstad (2013). The Norwegian Earth System
Model,NorESM1-M - Part 2: Climate response and scenario projections, Geosci. Model Dev,
6,389-415,d0i:10.5194/gmd-6-389-2013

The Bjerknes Contributiontothe IPCC 9



New CO_ emission record

in human history

The 2013 report shows that global emissions of carbon

dioxide from the combustion of fossil fuels will reach
9.8gigaton carbon (GtC) in 2013, whichis 61per cent
above the emissionsin19go0.

BYJILL JOHANNESSEN

“The Global Carbon Project” provides anannualanalysis of global
carbon emissionsandsinks, incorporating datafrom multiple research
institutes fromaroundthe world. The Bjerknes Centre contributes to
this report by providing estimates of trends and variability of ocean
CO, uptake based on model results, observations and by assemblinga
database of marine observations.

- This year’s report also shows that atmospheric carbon dioxide (CO,)
levels increased in 2012 at afaster rate than the average overthe past
10 years, due to a combination of continuing growth in emissionsand a
decreasein land carbon sinks fromavery high levelin the previous year,
says Abdirahman Omar, one of the three contributing co-authors at
the Bjerknes Centre.

Coal continues to dominate

The figures to the right shows yearly development in CO, emissions in
GtC,inwhich coalhas had the strongest growth. Italso indicates that
the developmentin Chinese emissionsisa main cause for this strong
growthin coal. Chinese emissions grew by 5.9 %in 2012, which consti-
tutes 70 % of the global increase in CO, emissions. Indian emissions
increased 7.7 percent, which makes up for 20% of the global increase
in CO, emissions. Carbon dioxide emissionsin the USA continued
their decline with minus 3.7 percentin 2012, which is caused mainly by a
transitionfrom coalto gas.

- China’s strong growth in emissionsis largely due to increased use of
coal,and has already reached the same level of emissions per capitaas
EUwith 7tons CO, per person. Even though green investments have
startedtotake offin China, it is far from enough to weaken the CO,
emissions growth, says the former Director at the Bjerknes Centre,
Eystein Jansen.

Hopeis fading for limiting the warming to two degrees
Cumulative emissions of CO, fromall sources (fossil fuels plusland use
change) since 1870 will reach 550 GtC this year.

@ Annual report Bjerknes Centre 2013

- A continuation of the emissions growth trends observed since 2000
would place theworld onapathto reach 2 degrees Celsius above
pre-industrial times in 30 years, based on the mean of IPCC models,
says Jansen.

He also underlines the importance of moving toward a large-scale
transition,away from not only coal but also other fossil-based energy
sources.

Publication

Le Quéré,C, Peters,G.P, Andres,R.J, Andrew, R. M, Boden, T, Ciais, P, Friedlingstein, P,
Houghton,R. A, Marland, G, Moriarty, R, Sitch,S, Tans, P, Arneth, A, Arvanitis, A, Bakker, D.
C.E, Bopp,L, Canadell,J.G.,, Chini,L.P.Doney,S.C, Harper, A, Harris, |, House, J. 1, Jain, A.

K, Jones,S.D, Kato, E, Keeling, R. F, Klein Goldewijk, K., Kortzinger, A, Koven, C, Lefevre,N.,,
Omar, A, Ono, T,Park,G.-H., Pfeil, B, Poulter, B, Raupach, M. R, Regnier, P, Rodenbeck, C,,
Saito, S, Schwinger, J, Segschneider, J. Stocker, B.D, Tilbrook, B, van Heuven, S, Viovy,N.,
Wanninkhof,R, Wiltshire, A.and Zaehle, S.(2013): Global carbon budget 2013. Earth System
Science Data Discussions, 6,689-760,

doi10.5194/essdd-6-689-2013

1. Abdirahman Omar, research leader, Uni Research AS
2.Benjamin Pfeil, Data manager, UiB
3.J6rg Schwinger, researcher, UiB



@ CO,emissions from fossil-fuel combustionand cement production for:

@ theglobe

@ globalemissions by fuel type, including coal (red), ol (black), gas (blue),

and cement (purple)

@ territorial CO, emissions for the top three country emitters (USA - purple; China - red;

India-green)andfor the European Union (EU; blue in2012)

@ per-capitaemissions for the top three country emittersand the EU.

Figures: Global Carbon Budget 2013. www.globalcarbonproject.org

Inspite of aboomin renewable energy, coal continues to dominate
energy development and many of the top country emitters have
increased their coal dependency.

® Coal43%

® 0il33%

® Gas18%

® Cements5;3%

Gasflaringo6 %

@ The2012carbon dioxide emissions breakdown is coal (43%), 0l (33%), gas (18%),

cement (53%) and gas flaring (0.6%).

©

CO, emissions (GtC/yr)

®

CO, emissions (GtC/yr)

@®

CO, emissions (GtC/yr)

(C]

CO, emissions (tC/person/yr)

.
2012-2013

1) g 21% ]
ol 2003-2012 ]
2.7%|yr
2011-2012

sl 22%

1990-1999

1.0 %/yr
7 4
6

1990 1995 2000 2005 2010 2015

reeeree

19770 19é0

'\950

2000

2010

O1960

1970 1géo

@90

2000

2010

19}0 1980

The Global Carbon Budget 2013

W§9O

2013
9.9GtC

Growthrates
2011-2012

Coal28%

Qil12%

Gas25%

Cement25%

Growthrates
2011-2012

USA-37%

EU28-13%

India7.7%

USA4.4tC/p

| China1.9tC/p

EU2819tC/p

World1.4tC/p

IndiaostC/p




@ Lofoten. PHOTO:KERIM NISANCIOGLU

Low-pressure
activity affects
the Barents Sea
heat budget

Inapaperin Nature Communications, Vidar
Lien, Frode Vikeb@ and @ystein Skagseth
identifyamechanismthatinducesa cyclonic
circulationanomaly along the slope encircling
the northern Barents Seashelf area. This cir-
culationanomaly affects the relative strength
of the two Atlantic Water branches towards
the Arctic by enhancing the flow through

the Barents Sea while weakening the branch
flowingthrough the Fram Straitandalong

the Arctic continental slope. The cyclonic cir-
culationanomalyis caused by wind-induced
Ekman transport off the northern Barents Sea
shelfand subsequent decrease in sea-surface
height. The variability of the inflow to the
Barents Seamay also affect the ecosystem,
asnutrientsare transportedalong with the
warmwaters.

Lien, V.S, Vikebg, F.B.and Skagseth, @. (2013):

One mechanism contributingto co-variability of the
Atlanticinflow branches to the Arctic.

Nature Communications, 4,1488,doi: 101038/ncomms2505.

Afreshlookat
the Gulf Stream’s
Arctic limb

The Norwegian Atlantic Currentisan
important componentin Earth’s balanced dis-
tribution of heat and freshwater,and a main
contributorto regional climate. It is therefore
amajor concern howand to what extent this
ocean current changes with climate,andvice
versa. Tor Eldevikand Jan Even @ie Nilsen’s
paperinJournal of Climate shows thatitis
the heatthatis decisive for the vigour of the
Norwegian Atlantic Current. They have con-
structedasimple mathematical modelrooted
in 60 years of observations,and find that the
Norwegian Atlantic Currentis constrained

by theamount of excess heat that it brings
fromthe south. Onthe other hand, northern
freshwaterinput explains the extent to which
the return flow fromthe Norwegian Seato
the North Atlantic takes place in the surface
orinthe deep ocean. Asaconsequence, itis
inferred that much of the observed decrease
in Arctic winter sea-ice cover can be explained
byincreased poleward heat transport with
the Norwegian Atlantic Current.

Eldevik, T.and Nilsen,J.E.@. (2013):
The Arctic-Atlantic thermohaline circulation.
Journal of Climate, 26,8690-8705.
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Bringingthe
North Pacificto
life 14,000 years
ago

Astheworld emerged fromthe last Ice Age,
the North Pacific sawasudden proliferation
of tiny creatures such as phytoplankton

and foraminifera. This brief, strong spike in
biological productivity is observedin marine
sediment cores throughout the region. Iron
limits productivity in the subarctic Pacific,
equatorial Pacificand Southern Ocean today,
prompting the idea that the spike was caused
byaninfluxofironfromthe continental
shelvesastheywere flooded during the
deglaciation. Astudy in Nature Geoscience
co-authored by Camille Lireveals that no
evidence exists foraniron pulse fromany
source duringthe time of the productivity
spike. The study attributes the spike toan
increase in major nutrient supply from deep
convection,followed by melt-water-induced
stratification that relieved light limitation.
The findings resolve conflicting ideas about
the relationship between ironand biological
productivity in the deglacial North Pacific,
and have potentially important implications
for geo-engineering efforts toslow climate
change by seeding the ocean withiron.

Lam,P.J, Robinson, L. F, Blusztajn, J., Li,C, Cook, M. S,
McManus, J.F.and Keigwin, L. D. (2013):

Transient stratification as the cause of the North Pacific
deglacial productivity spike. Nature Geoscience 6,622-626



Ontracktoclimate
prediction

“How will the following winters be?”
Thisisaquestion we mightanswerinthe future.

BYFRANCOIS COUNILLON

Atthe Bjerknes Centre, researchersare exploring the potential for
seasonal to decadal climate prediction. Thisis afieldstillinitsinfancy,
andafirstattempt was made public for the latest Intergovernmental
Panelon Climate Change (IPCC) report. Apart fromafewisolated
regions, prediction skill was moderate, leavingroom forimprovement.
Inanewstudy publishedin Tellus A, seasonal-to-decadal prediction
tested withanadvancedinitialisation method that has proven success-
fulinweather forecastingand operational oceanography.

“Ordinary” climate projections are designedto represent the persistent
changeinduced by external forcings. Such “projections” start from
initial conditions that are distant from today’s climate and thus fail to
“predict” the year-to-year variability and most of the decadal variability,
suchasthe pause (hiatus) inthe global temperature increase or the
spate of harsh wintersin the northern hemisphere. In contrast, weather
predictionsrely entirely onthe accuracy of theirinitial state as the
influence of the external forcingisalmost imperceptible.

Forseasonal-to-decadal time scales, boththeinitial stateand the
external forcinginfluence the prediction. Startinga climate prediction
fromaninitial state closerto the real climate is therefore necessary to
yieldabetter prediction than by accounting only for external forcing,
Inour region of interest, decadal skill may be achieved by improving the
representation of the heat content transitinginto the Nordic Seaandin
turnmay influence the precipitationand temperature over Scandinavia.

The method employed toinitialise/correct a dynamical systemis
referredtoas dataassimilation. It estimates the initial state of a model
knowingaset of sparse observations (muchless than 1% of the ocean
variables are observed). A relationship between the observationsand
the non-observed variables must be found to broaden the corrections.
Furthermore, the corrections must satisfy the model dynamics to avoid
abruptadjustments during the forecast. The Ensemble Kalman Filter

@ Vesterdlen. PHOTO: KERIM NISANCIOGLU

uses statisticsfroman ensemble of predictions to estimate the
relationship between the observationsandall variables for their
correction. This method is computationally intensive as it requires
parallelintegrations of the modelbut it ensures that the relationship
evolves with the system,and that the corrections satisfy the dynamics
of the model.

The Norwegian climate prediction model (NorCPM) combines the
Norwegian Earth System model (NorESM) with the Ensemble Kalman
Filter.Intime, we intend to perform retrospective decadal predictions
(hindcasts) over the last century, to test the skill of our system on disparate
phases of the climate and shed light on the relative importance of
internaland externalinfluences on natural climate variability, including
the significance of feedback mechanisms. Sea-surface temperatures
(SST)arethe only observations available for suchalong period of time
and will be used forinitialisation.

Ourstudyinvestigates the potential skills of assimilating SST only, using
anidealised framework,i.e.where the synthetic solution is taken from
the same modelat different times. This framework allows an extensive
validation because the full solutionis knownand our system can be
evaluated against the upper predictive skill (the case where observations
were available absolutely everywhere). NorCPM demonstrated decadal
predictability for the Atlantic meridional overturningand heat content
inthe Nordic Seas that is close to the model's limit of predictability.
Althoughthese resultsare encouraging, the idealised framework
assumes that the modelis perfect and lower skill is expectedinareal
framework. This verificationis currently ongoing.

Counillon, F, Bethke, I, Keenlyside,N., Bentsen, M., Bertino, L.and Zheng, F.:
Seasonal-to-decadal predictions with the Ensemble Kalman Filter and the Norwegian Earth
System Model:atwin experiment. Tellus A, 2014, 66,21074
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The North Atlantic
Oceandrivesthe
weather

Jacob Bjerknes, the father of modern weather fore-
casting, suggested that there would be a connection
between European weatherand temperaturesinthe
North Atlantic. Fifty years later, Bjerknes Centre helps
to prove that Bjerknes was right in his prediction.

BYNOELS.KEENLYSIDE

The last decade has brought a spate of hot summers and cold winters.
The cause of these - natural variability or global warming - is debated.
Persistent periods of extreme weather are not anew phenomenon
for Europe. In particular, the 1940s also sawaseries of cold winters
and summer heat waves. At the same time, temperatures of the North
Atlantic Oceanvaried with atimescale of 70-80 years,and they were
unusually warminthe 1940s,as they are now.

Bjerknes envisaged the ocean pumps

Are Europeanweatherand North Atlantic Ocean temperature linked?
This questioninterested Jacob Bjerknes,and he was the first to post-
ulate that the North Atlantic Ocean may drive changes in climate on
these time scales. Based on limited data, Bjerknes,inastudy published
in1967argued that persistent warmingand cooling periods of the
North Atlantic could not be entirely explained by atmospheric changes,
but may instead drive them.

@ Annual report Bjerknes Centre 2013

@ Theimage shows the North Atlantic sea surface temperature fromsatellites (January
2008), which clearly shows the Gulf Streamand North Atlantic Current. These are the
regions where the ocean pumps large amounts of heat into theatmosphere that are
important on decadaltimescales (source image: NOC/UK Met-Office OSTIA data)

The first observational proof
Astudy published in Nature provides the first observational proof for
Bjerknes’ conjecture. It provides anew estimate of turbulent surface
heat fluxfor the North Atlantic from ship measurements extending
backtill 1880, usingan innovative statistical algorithm.
Oceanandatmosphere communicate via turbulent heat flux, which
transfers heat between the two. The scientists behind the study show
that sea-surface temperature andturbulent heat flux co-varied over the
Gulf Streamand its extension to the North Atlantic onlonger timescales
(seefigure above). Specifically, they show that the atmosphere did not
entirely drive the observed persistent warmingand cooling periods.
Ratherthe ocean may drive the atmosphere on these time scales.

Improved decadal forecasts

While the results do not prove that the North Atlantic influences European
weather, they provide the first observational evidence that the ocean
inthisregion caninfluence the atmosphere. Thisisanimportant step
towards the realisation of climate prediction for the North Atlantic
Sector,and followsinthe spirit of the ground-breaking work of Bjerknes
and other scientists from Bergen.

Guley, S.K, Latif, M., Keenlyside, N, Park, W.and Koltermann, K. P. (2013): North Atlantic
Ocean control onsurface heat fluxon multidecadal timescales. Nature, 499, 464-467.



Circulation changes
INawarmer ocean

ABjerknes study published in February 2013 highlights
how different ocean circulation was when the planet
waswarmerand carbon dioxide levels were high.

-.r"k

BYZHONGSHIZHANG

Ancient warm periods offer usefulinsights into potential future
warminganditsimpacts. The mid-Pliocene,~3millionyearsago,wasa
relatively recent period of global warmth that is often consideredasan
analogforourfuture.

Duringthis warm period, unusually warm surface conditions existed
inthe North Atlantic, which has often been simply explained by the
intensification of the existing pattern of ocean circulation. However,
reproducing these changes with climate models has eluded researchers
formore thana decade—suggesting that there was something wrong
eitherwith the long-standing explanation or with the models used to
predict the behavior of warmer oceans.

An alternative pattern of warm ocean circulation

Zhang, Nisanciogluand Ninnemann re-evaluated the existing observa-
tionsand used the Norwegian Earth System model (NorESM) to carry
outsimulations to betterunderstand ocean circulation during the
warm mid-Pliocene.

@ Thestudy by Zhongshi Zhang, Kerim Nisancioglu and Ulysses Ninnemann published in
Nature Communicationsin February 2013, suggests that the pattern of ocean circulation
was radicallyaltered in the past when climates were warmer. From the Great Barrier Reef in
autumn 2013.PHOTO CHRISTOPH HEINZE

Theyillustrated that the largest changes occurred in the deep Southern
Ocean,but notinthe North Atlantic, indicating that the existing explanation
was notadequate.

The dataandsimulations pointed toward an altogether different
pattern of ocean circulation, with Antarctic waters playingastronger
role duetofaster renewal of the deeper water masses in the Southern
Oceanduring the mid-Pliocene. This alternative explanation provideda
solutionto the long-standing discrepancy between reconstructions of
ocean circulationandavailable model simulations.

North Atlantic warming

Theteamalso addressed the unusual warmthinthe North Atlantic
duringthe warm mid-Pliocene. The observed high-latitude warmth was
shown not torequire the intensification of today’s ocean circulation
andthetransport of ocean heat to the north—ratherit wasadirect re-
sponse to changes ininsolation and atmospheric carbon dioxide levels
atthe time. The study highlights just how differently ocean circulation
was when the planet was warmer and carbon dioxide levels were high.

Zhang, Z, Nisancioglu, K.and Ninnemann, U. (2013):Increased ventilation of Antarctic
deep water during the warm mid-Pliocene. Nature Communications, 4,1499, doi: 101038/
NCoMmMs2521.
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The Atlantic reaches
intothe North

Two new research syntheses show how the northern
latitudes are connected to fluctuations in Atlantic
Oceantemperature.

BY MARTIN MILES & KEN DRINKWATER

Several Bjerknes scientists have together published two synthesis
paperson howthe Atlantic Multidecadal Oscillation (AMO),a natural
fluctuationin ocean temperaturesinthe North Atlantic area usually
delimited from 0-60°N, reaches into the subarctic and arctic realm.

Inapaperinthe Journal of Marine Systems, Ken Drinkwaterand others
describe howthe AMO isapparent in manyaspectsin marine regions
aroundand beyond 60°N. Observations of air and seatemperatures
over the past 100-150 years reveal cooland warm periods similar to
the variability inthe AMO indexwhere a positive (negative) AMO index
representswarm (cold) periods. Observations of biologicalimpacts
of the multidecadalvariability in the northern regionsinclude ageneral
increase in planktonand fish productivity,as well as expansion of the
species distributions northward, in conjunction with the AMO warm
periods,andthe opposite during AMO cold periods. The observed
northward shifts may be ananalogforthe anticipatedfuture warming.

Inapaperin Geophysical Research Letters, Martin Miles and others
focusonseaice. Theauthors compiled and analysed historical observa-
tions extendingback 100-400 years, supplemented with longer paleo
reconstructions. They founda persistent multidecadal signal that is
most pronouncedin the Greenland Sea. Inthe most recent century,
co-variability was found between seaice and the AMO,and asimilar
relationship through previous centuries is evident from paleo data. The

authors have thus provided strong observational evidence to support
modellingstudies suggestingthatarctic seaice s linked to the AMO.

@ Swirlingseaice (white) and a phytoplankton bloom (aqua/green) near Iceland, 2012.
These results have implications for understanding natural variability Credit: Jeff Schmaltz, MODIS Land Rapid Response Team, NASA GSFC

andinterpreting the recent lossesinseaice. However, the recent
reductionsinseaiceare not merely the latestinasequence of natural
AMO-related fluctuations, but ratherthe first one to be superposed
uponananthropogenic warming background thatis emerging strongly
inthe Arctic.

Drinkwater, K., Miles, M. W, Medhaug, |, Otterd, O.H, Kristiansen, T, Sundby, S.and Gao, Y.
(2013): The Atlantic Multidecadal Oscillation: its manifestations and impacts with special
emphasis on the region north of 60°N. Journal of Marine Systems, in press, doi10.1016/j
jmarsys.2013.11.001.

Miles,M. W, Divine, D. V., Furevik, T, Jansen, E.,, Moros,M.and Ogilvie, A.E. J. (2014): A signal of
persistent Atlantic multidecadal variability in Arctic seaice. Geophysical Research Letters, 41,
doin0.1002/2013GL058084
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The Atlantic reaches into the North
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The carbon cycle
and the marine
ecosystem
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LEADERS,ARE OLSEN & JERRY TJIPUTRA

Aswe progress through the Anthropocene,
the results of humanactivities affect multiple
processes throughout the Earth System.
Warming, ocean acidification, circulation
change,and changesinthe atmospheric CO2
concentrationinitself willenforce changesin
the coupled marine and terrestrial cycles of
carbon, nutrientsand oxygenand transform
structureand behaviour of ecosystems. BIO-
FEEDBACK seeks to quantify these changes
and how they willfeedback onthe atmospher-
icgreenhouse gas concentrations, modifying
future climate development.
Observationsare key to BIOFEEDBACK.
Theyare used toinformand validate models
toassess future climate and impact. Field
workin2013includedacruiseacrossthe
Greenland Seato collect carbon systemand
ancillary data over the entire water column,as
wellas the maintenance of the autonomous
instrument that measures surface seawater
CO2 partial pressure on board

SOCAT and results of our global coupled
model were usedin the latest Global Carbon
Budget (Le Quere etal,2013) to show that
CO2emissions continuedto growin 2012,
reaching9.7 Gt C. Thisisslightlyabove the
most pessimistic scenario from the IPCC 5th
Assessment Report. Fortunately the ocean
and land carbonsinks continue to operate,
and removed CO2 correspondingto 28 and
23% of the emissions from theatmosphere.

Developmentand validation of the land
and ocean carbon cycle components of the
Norwegian Earth System model (NorESM)
has beenanimportantachievement of
BIOFEEDBACK thisyear (Tjiputraetal,2013).
Beingfully coupled, itallowsfor climate-carbon
cycleinteractionand contributed witha
set of model experiments to the CMIP5and
the IPCC-ARs. Prompt delivery of NorESM
simulations has led to participationinnumerous
intercomparison studies,where future changes
inlandand ocean carbon storageandthe
implications of anthropogenic emissions on
future climate were assessed (e.g, Jones et
al,2013).

The climate feedback strengthasaresult
of carbon cycle couplingin NorESMand other
CMIP5models was evaluatedin Aroraetal.
(2013). The future effect of carbon-concen-
tration feedback s expectedtobe 4.5times
larger than the carbon-climate feedback (see
figure). Uncertaintyin the land carbon cycle,
indicated by the large model spread, is higher
thanthat fromthe ocean duetothe diverse
terrestrial biogeochemical processesimple-
mented in CMIP5 models.

In 2014 we will concentrate onimproving
the biological carbon pump parameterization
inNorESM model,and use our global datasets
togroundtruth by determiningthe rateat
which CO2is released from decaying organic
materials within the global oceans.

SKD RESEARCH PROJECT

Biogeochemical feedbackinthe climate
system-fromprocessestolarge-scale effects
-BIOFEEDBACK
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Arora, V.K.etal. (2013): Carbon-concentrationand
carbon-climate feedbacks in CMIP5 Earth system models.
Journal of Climate, 26,5289-5314.

Bakker, D.C.E.etal.(2013): An update to the Surface Ocean
CO2 Atlas (SOCAT version 2). Earth System Science Data
Discussions, 6,465-512.

Jones, C.etal. (2013): 215t century compatible CO2
emissions andairborne fraction simulated by CMIPs Earth
System models under 4 Representative Concentration
Pathways. Journal of Climate, 26,4398-4413.

Le Quéré,C.etal (2013): Global Carbon Budget 2013.
Earth System Science Data Discussions, 6,689-760.
Tjiputra,J. F, etal. (2013): Evaluation of the carbon cycle
componentsinthe Norwegian Earth System Model
(NorESM). Geoscientific Model Development, 6,301-325.

© @~ bsoluteand @ fractional contributions of land
and ocean carbon-concentrationand carbon-climate
feedbacks to theatmospheric carbon budget,adopted
fromAroraetal.(2013).
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wellas ventilation timescales.

BIOFEEDBACK contributes
tothe Surface Ocean CO2 Atlas
(SOCAT) not only with data but
alsointerms of coordination
and data management. Version 2
of SOCAT, containing more than
10millionpCO2 observations over
the global oceans was released
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thisyear (Bakkeretal,2013).
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Climate
sensitivity and
thresholds

LEADERS, CAMILLE LI &BJ@RG RISEBROBAKKEN

Warm climates have dominated the past 65
millionyears of Earth history.Understanding
why these past warm climates existed is
critical forunderstanding the consequences
of currentand future global warming, DYNA-
WARM investigates how warm conditions
on Earthare created and maintained by
combining reconstructions of past warm
climates, global model simulations of pastand
future warming,and studies of the physical
processes contributing to polarwarmthto
answer questionssuchas:

Heat transport to high latitudes

In1964, Jacob Bjerknes proposed that fluctu-
ationsinheat transportedaroundthe climate
system by the ocean should be approximately
balanced, or compensatedfor, by fluctuations
in heattransported by theatmosphere. This
so-called “Bjerknes Compensation” has
beenfoundinthe controlrun of the Bergen
Climate Model, with fluctuations in oceanic
andatmospheric transport that are highly
correlated on decadal timescales. The spatial
signature of these fluctuations in surface air
temperature hasadipole structure forthe
Northern Hemisphere, highlighting regions in
whichsurface climateis stronglyinfluenced by
heattransportsaswellas ocean-atmosphere
interactions. Critical regions are the Barents,
Kara,and Nordic Seas, where the marginal sea
ice allows for extremely strong fluxes between
the oceanandatmosphere.

Pliocene
Of the numerous warm climate periodsinthe
geologic record, the Pliocene (5.3-2.6 million

© Bjerknes Compensation. Q Heat transportin
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yearsago)isaparticular focus because it
representsan equilibriumanalogue for the
present climate (CO2 concentrations similar
tothose expectedat the end of this century
and global mean temperatures 3°C warmer
thantoday). Previously,the Nordic Seas were
thought to be over 6°C warmer than today.
Newrecords suggest that Pliocene sea-surface
temperatures were no more than 2-3°C
warmer than presentinterglacial tempera-
tures, but with an altered pattern of ocean
circulation despite the similarities in continental
configurationand radiative forcing,

Late-glacial and Holocene

The onset of the Bglling-Allergd interstadial
inthe late-glacialand the onset of the Holo-
cenerepresent two major warming events
inthe last 15,000 years. Terrestrial biotic
responses to these warmingsare acombi-
nation of population expansion, migration,
and niche shifts,and afewlocal extinctions.
Responses to the Younger Dryas coolingand
the late-Holocene cooling after the Holocene
Thermal Maximumare primarily local or
regional extinctions. Regional climate-model
simulations for Europe at 6000 and 200
BPindicate increasing climatic sensitivity to
anthropogenic deforestation. Challenges
arethus to disentangle biotic responses to
late-Holocene climatic changes per se, to
direct human activity,and toacombination
of drivers.

Cryosphere
Potential thresholdsinthe cryosphere (sea
iceandice sheets)areaconcernintoday’s

SKD - Centre for Climate Dynamics

warmingworld. One questionis how sea

ice willbe affected by projectedincreasesin
river runoff to the Arctic Ocean. Modelling
experiments reveal acomplicated oceanic
response. More runoff strengthens the pro-
tective surface layerandstabilizes the upper
ocean;at the same time, the surface layer
thins,allowing the underlying warm Atlantic
water to move up towards the base of the
ice. Another questionis howthe Greenland
ice sheetwillrespond toawarmer climate.
The most recent period with high-latitude
temperatures warmer than today is the last
interglacial (130-115thousand years ago).
Under lastinterglacial climate conditions,
ice-sheet model simulations show Green-
land melting, This melting occurs mostly on
the margins, while the central height of the
ice sheet decreases by onlyafew hundred
metres. The totalamount of melting depends
largely on the initial size of the ice sheet and
reaches ~1-3minsea-levelequivalent.

SKD RESEARCH PROJECT

Dynamics of past warm climates
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Naturaland
anthropogenic
climate changes

LEADER, ODD-HELGE OTTERA

The primary object of IMMUNITY isto
integrate novel palaeoclimatic time series
atunprecedentedtemporal resolutionand
instrumental data together with coupled
atmosphere-ocean-sea-ice general circulation
modelsimulations,in orderto explorethe
long-term climate variations during the last
1500 years.

Analyses sofarindicate that paleo recon-
structions of ocean state variables generated
by IMMUNITY deliveratemporal resolution
that reflects the main decadaltrends of
instrumental dataand thus can be used with
confidencetodevelopalonger-term climate
perspective (see figure). IMMUNITY has
generated promising multiproxies for the re-
construction of key climatic features, suchas
deep overflows through the Iceland-Scotland
ridge (Mjelletal, in prep) aswellas frequency
of stormsandfloods onlandin Norway during
the past millennia.

Major efforts have been devotedintoa
computationally efficient lower-resolution
version of NorESM to make it suitable for
millennial simulations and decadal prediction
ensemble integrations. In this regard, the
comparison of simulated and observed cir-
culation of the North Atlantic gyre has given
promisingresults.

Progressalso has been madein elucidating
the governing mechanisms behind multi-dec-
adal climate variability. The use of virtual drifters
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@ Example of high-resolution (~5years) paleo reconstructions generated by IMMUNITY. The plot shows 8C composition
of G.bulloides. Theamplitude of the signalis large, with amaximum in 8C associated with the Little Ice Age. Strong negative

values predominate duringthe Medieval Warm Period.

shows that, eveninacoarse climate model, it
isunusualfor large volumes of warmsurface
water to be transported by the Gulf Stream
intothe Nordic Seasand Arctic (Medhaug
and Czaja,in prep).Instead, observationsand
modellingagree that warm surface waters
mostly recirculate inaloopandrarely reach
high latitudes. Inanother investigation, the
probability of having negative regionaland
globaltemperature trends foracontrolclimate,
historical observations and simulations,and
forfuture scenarios using 17 models from
CMIPs, has beenanalysed (Medhaugand
Drange, inprep.). Thisanalysis shows that the
hiatus we have experienced the last decade
ortwois not uncommon eventhoughweare
experiencingageneralwarming of the global
temperatures.

Potential mechanisms for decadal varia-
bility in the Pacific and East Asian summer
monsoon have also been addressed during
the past year. The role of anthropogenic
forcinginshapingthe weakened East Asian
summer monsoonandassociated anomalous
precipitationineastern Chinaover the late
20th century (Wangetal,2013) is highlighted.
Finally, model output from the Bergen Climate
Modeland observations suggest that intensi-
fied solar radiation in combination with a lullin
volcanic activity during the 1920s-1950s can
explain much of the early 20th century Arctic
warming (Suoetal, 2013).

Annual report Bjerknes Centre 2013
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Integrated model-dataapproach for
understanding multi-decadal natural

climate variability
- IMMUNITY
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Medhaug, |.and Czaja, A. Surface exchange between the
subpolarand subtropical North Atlantic using virtual
drifters,in prep.

Medhaug, |.and Drange, H. Negative global and regional
temperature trends inawarming climate, in prep.

Miell, T.L, Langehaug,H.R, Otterd, O.H, Eldevik, T,
Ninnemann, U.andKleiven, H.F.Reconstructing ocean
circulationand climate based on the Gardar drift,in prep.
Suo, L, Otterd, O.H, Bentsen, M, Gao, Y.and Johannessen,
O.M. (2013): External forcing of the early 20th century
Arctic warming, Tellus A, 65,20578.

Wang, T, Wang, H., Otterd, O.H. Gao, Y., Suo, L.,

Furevik, T.and Yu, L. (2013): Anthropogenic forcing of shift
in precipitationin Eastern Chinain late 1970s.

Atmos. Chem. Phys.,13,12433-12450,d0i:10.5194/acp-13-
12433-2013.
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Will Norway experience coldand dry winters
inthe next fewyears? Willthe Northern Sea
Route become more accessible? Climate
prediction models, principally like those for
weather forecasting,are under development
toanswer such questions of large societal
importance,or,more precisely,to provide a
confidentrange and probability of possible
outcomes.

Dynamical seasonal-to-decadal climate
predictionisan emerging research field.
Recent progressisdocumentedinthe IPCC
WG1 Fifth Assessment Report (ARs);itisin
generalstillunknown to what extent climateis
predictable oninterannual to decadal times-
cales-bothfromatheoreticalandapractical
perspective. In PRACTICE, the Bjerknes Cen-
tre hasinvested to make climate prediction
astrategic priority. The Norwegian Climate
Prediction Model (NorCPM) hasaccordingly
beenrealizedand tested inanidealized frame-
work (Counillonetal, 2014;see also page 13).

Withafirst prototype of NorCPMin place,
the Bjerknes Centre isnow engaging more
activelyintheinternational research effort to
resolve this scientific question of foremost
societalimportance. PRACTICE hasin parallel
keptastrongfocus onassessing potential
predictability from confronting possible
mechanisms with the observational record.
Key cause-and-effect relations have beenin-
dicated,e.g,for North Atlanticatmosphere-
ocean heat exchange (Gulevetal, 2013, see
figureand page 14),and for the strengthand
structure of the Gulf Stream’s extension
towardandinto the Arctic (Eldevikand Nilsen,
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@ Sea-surface temperature (red) and the associated heat flux from the ocean to the atmosphere (green) averaged over the
extra-tropical North Atlantic. Thick curves show the 11-year movingaverage. Two important inferences can be made from
thisfigure, both supportinga predictable climate rootedin the ocean: 1) the ocean warms the atmosphere on decadal time
scales,and 2) the variance on decadal time scales s of similar magnitude to the interannual (reproduced from Gulevetal, 2013).

2013;Lienetal,2013,seealso pages 12and 13).
Suchidentified relations willincreasingly be
convertedinto corresponding frameworks
for model evaluation (Sandg etal., 2014).

The PRACTICE team dedicated much of 2013
toconsolidatingand furtherincreasingthe
resources for climate predictionasacore
activity at the Bjerknes Centre. Four projects
were fundedasa result, with EPOCASA (RCN)
and PREFACE (EU) for further testingand
development of the NorCPM-systemina
realistic framework,and GREENICE (Nord-
Forsk)and NORTH (RCN) more dedicated to
mechanismsand associated frameworks for
model evaluation. Through the nationaland
international consortiums thus established,
links are now formalized with the main EU
projects on climate prediction (NACLIMand
SPECS).

Anemerging priority for PRACTICE is to
develop -in parallel with the ongoing research
and model developments on predictability
- tailored prediction output fit for decision
makers, resource management, businesses,
andthe general public. PRACTICE has thus
actively engaged inarecently submitted
proposal fora“Centre for Research-based
Innovation”in Bergen on the topic,andin
anationalresearch plan commissioned by
the Ministry of Educationand Researchfora
holisticassessment of the ecosystem of the
Barents Sea (Eldevik et al, 2013). The aspect of
predictability and regionalimpacts of climate
change will be advocatedasapriority for the
next round of SKD strategic projects.

SKD RESEARCH PROJECT
Predictability of Arctic/North Atlantic
climate

-PRACTICE

INSTITUTIONS AND STAFF INVOLVED
UIB: Eldevik, r
Marius Arthun

Uni Research
OddH

Counillon,F, Bethke, I, Keenlyside,N., Bentsen, M., Bertino,
L.and Zheng, F. (2014). Seasonal-to-decadal predictions
with the Ensemble Kalman Filter and the Norwegian Earth
System Model:atwin experiment. Tellus A, in press.
Eldevik, T.and Nilsen, J.E.@. (2013): The Arctic-Atlantic
thermohaline circulation. J. Climate, 26,8698-8705.
Eldevik, T, Reigstad, M, Falck, E, Gerland, S, Jentoft,S,
Johnsen, G, Lindstrgm, U, Rasmussen, T.L, Rged, L. P.and
Wassmann, P.F. (2014): Arven etter Nansen. Forsknings-
planfordet sentrale og nordlige Barentshavet. UiT Norges
arktiske universitet, 48pp. (nansenlegacy.org)

Guley, S.K, Latif, M., Keenlyside, N, Park, W.and Koltermann,
K.P.(2013):North Atlantic Ocean control on surface heat
fluxat multidecadal timescales. Nature, 499, 464-467-
Lien, V.S, Vikebg, F.B.and Skagseth, @. (2013): One
mechanism contributing to co-variability of the Atlantic
inflow branches to the Arctic. Nat. Commun., 4,doi: 101038/
NCoMmMS2505.

Sandg,A.B, Y.Gao,and H.R. Langehaug (2014), Poleward
ocean heat transports, seaice processes,and Arctic sea
ice variability in NorESMi-M simulations, J. Geophys. Res.
Oceans, 119,2095-2108,d0i:10.1002/2013JC009435.
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Regional climate
scenariosand
extremes
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In 2013REGSCEN continued buildingand
testingthe COAWST modelling system,
which now employs two-way coupling
betweenthe ROMS andthe WRF models for
the simulation of awell-observed polar-low
case. The coupled simulation captures the
essential features of the polarlow despite
biases, particularly in the surface fluxes. The
differences between the uncoupledand

the coupled simulations do not seemto be
significantat the synoptic scale. However, the
behaviour of the ocean modelappears to be
unrealistic, most likely because of the vertical
mixing near steep bathymetry. Effortsare
beingmade toimprove the ROMS simulation
sothattheair-seainteractions during the
growth of the polarlow can be studiedand
the results published. Thisisalso necessaryin
orderto use the modellingsystemin climate
experiments where small errors can com-
pound over time to become prohibitively
large. The next step is to employ the COAWST
systemwith interactive seaice,as part of

the Arctic-CORDEX research group and
contribute toan ensemble of atmosphere
onlyand fully coupled regional downscaling
of the CMIPs models over thisimportant
region. Issues related to physical mechanisms
linking the observed Arcticamplificationto
larger scale circulation, regionalimpacts of
climate change, high-impact weatheralong

WREF: pressureand precipitation for NAO composite
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@ Figure caption:NAO composite (NAO+ minus NAO-) for precipitation (top row) and temperature (bottom row) inthe
WRF-hindcast (left column) and ERA-interim (right column), composited pressure contours shownin black

theice edge,and processes in the marginal ice
zonearejustafew of the scientific themesto
beinvestigated.

Downscaling NorESM under the RCP4.5
and RCP85scenarios continued in 2013 over
multiple regions withafocus on Europe.
Errorsinsome of the diagnostic variables
demanded historicaland future simulations
tobererunand post-processing to strictand
ever-changing CORDEX specifications remain
achallenge. Currently,dataare available on
Norway’s ESGF node. The collaborations
emerging from this activity continue to bear
fruitand four manuscriptsarein preparation
ontopicsthatinclude solar power potential,
snow cover,extreme windsand uncertainty
quantification,as wellas two manuscripts in
preparation on NAO variability (see figure)
and moisture transport.

Global Earth System Model projections
forthe end of the 21st century show generally
adecrease of primary production, which
isattributed toanincreasing seasonaland
permanent stratification caused by future
warming, Regional Earth System model
projections,which consider the full range of
climaticinduced changesin ocean hydro-
dynamics and biogeochemistry, find this
first-order effect to be largely absent onthe
regional scale. Instead, highly heterogeneous
patterns with both positive and negative
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changes were projected forthe regional
hydrodynamic, biogeochemistry and lower
trophic level ecosystems,and hence higherup
into the food web. These changes result from
acomplexinterplay of competing processes
suchaswindforcing,stratification, local short
wave radiation, oceanic nutrient conditions
andterrestrial forcing. While this needs to

be considered onacase-by-case basis,some
general principles were identified. When there
are multiple effects of different sign, these will
tend to mitigate the climate-change impact,
suggesting that some regional seas will
generally be less vulnerable to climate-change
effectsthanthe open ocean. The findings
were published inthree different research
papers.

SKD RESEARCH PROJECT

Regionalisation of climate scenarios
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Past, presentand
future changes
insealevel

LEADER,JAN EVEN @. NILSEN

The project SEALEV is designed to under-
stand pastand present changes in the Green-
land Ice Sheet (GrIS) and to project future
rates of sea-level rise under climate change,
forthe Norwegianand other coastal regions.
Thereisastrongfocus onthe processesin
and over theice sheet,and deliverance of
freshwater to the ocean. With respect to
regional sea-level rise, SEALEV hasastrong
observational basis, combining ocean density
with remotely-sensed sea-surface height

and gravity toassess the combined effect of
mass exchange, steric changesand ocean
dynamics on sea-levelriseacross the oceans.
The geology work package quantifies past
changesinsealeveland ice sheets. A consist-
entsystemtoimprove sea-level projectionsin
the 21st century s ensured by a strong core of
modellingactivity.

During 2013, SEALEV has been capitalizing
onthe effortssince the start of the project.
Through the combination in situ hydro-
graphical data, surface drifter dataand direct
current-meter measurements, together with
coupledseaice-ocean models, altimeter data
and the latest GOCE-based geoid, knowledge
of the circulationand sealevelin the Nordic
Seasand Arctic Ocean has beenimproved.
Constrainingthe surface elevation of the GrIS
from combined satellite altimeter measure-
ments has beenimproved greatly by multi-in-

@ Patterns of cyclone activity during years of strong snow accumulation (left) and during years of high air temperatures
(right) overthe Greenland Ice Sheet. This shows that strong cyclone activity in the North Atlanticis associated with positive
contributions to the mass of the ice sheet, butina different manner depending on their tracks: When more or stronger
stormstravel close to Greenland (orange to green region in left panel) there is more snow,and when more or stronger
storms travel further away (blue regioninright panel) there is less surface melting on Greenland.

strumental comparisonsand assessment of
uncertainties. It emerges that while the lower
regions have beenlosing mass for many years,
itisonlyinthe latteryearsthat theice sheet
hasshownan overallsinkingtendency. The
studies of theatmosphericimpact onthe GriS
show that there are two main types of cyclone
activityaround Greenland, having both direct
andindirectimpacts on theaccumulationand
airtemperature over the ice sheet (see figure).
High-resolution records of the retreat and
calving rates of the Sermilik Fjord outlet gla-
cierssince 1980 have revealed unexpectedly
volatile advance-retreat behaviour of one of
Greenland’s largest ice-sheet outlet glaciers,
whichunderscores the complexnature of
glaciervariabilityanditsinterpretationasare-
sponse to climate change. The fjord-to-ocean
modellingis on-going with a fine-scale cou-
pled model setup with ocean,atmosphere,
andiceshelf modules,showingin detail how
Atlantic-derived waters penetrate Sermilik
Fjord towards the outlet glaciers.

Published results fromice-sheet modelling
based on CMIP5 models show that GrIS
contribution to global sea-level rise may
beasmuchas13cmby2100forthe RCP85
emissionscenario.

Fromthe DATED database the time
evolution of the Eurasian Ice Sheet through
the past 25-10,000 years has beenrecon-

SKD - Centre for Climate Dynamics

structed, forminga unique basis for testing of
both numericalice-sheet modellingas well as
GIA-modelling.

The earth system model NorESM has been
further updatedfor sealevel studies through,
among otherimprovements,implementation
of freshwateras mass (FWAM),and prepa-
ration of the NorESM ocean component for
ice-shelf interaction.

SKD RESEARCH PROJECT

Sealevel change andice sheet dynamics
-SEALEV
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Q: What type of climate do you prefer personally?
A:“llike cold,snowy winters.”

@ SOFT-SPOKEN,BUT WITH ABURNING COMMITMENT - Climate change is a message that must be shared with others,
and people have every reason to be informed about it, says climate researcher Eystein Jansen, who recently resigned as

director of the Bjerknes Centre.

The Climate Diplomat

Although he dislikes beingin the
limelight, Eystein Jansen succeeds
in putting climate researchin
Bergen onthe world map.

BYELIN STENSVAND, PHOTO EIVIND SENNESET
THISARTICLEISATRANSLATION AND ASHORT VERSION OF
ANINTERVIEW PUBLISHED IN THE UNIVERSITY OF BERGEN'S
RESEARCH AND EDUCATION MAGAZINE,HUBRO

Itis January 2014,and Eystein Jansen’s every-
daylifeis changing After servingfor13years,
he has resignedas director of the Bjerknes
Centre for Climate Research, acentre he has
headed sinceits foundationin2o000.Heis
resigning on hisown volition -at the peak of
his career, many will say.

Because the west wing of the Geophysical
Institute is under renovation, Jansen has been
banished toasmaller, more cramped group

roomforthe interview. He sits here now,
amongst cartonsand furniture items,and
cando nothingaboutit. Heisdrinking green
tea.Lots of greentea. His voice is gentle, but
the words that come out are well chosenand
determined.

Youare resigningas director of the Bjerknes
Centre after13years,so that must mean that
youare not superstitious?

-No,/am neither religious nor superstitious,
Jansensmiles. It’s purely by chance that the
number of yearsis 13, but this was a very suita-
bletime to resign. We have undergone a pro-
cess to develop a better defined organization,
andso it was a suitable time for someone else
to havea go. Inaddition, we have had a very
good year,including the financing of many
newprojects.It’s not fitting to leave if thereis
acrisisand others have to clean up.
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It’s much better to hand over something that
isworking well

Youthful enthusiasm

There was nothinginthe cards that said

he would becomeaclimate researcher. As
ayoungman, Eystein Jansen considered
studyingmedicine. However, his curiosity
about why the landscape looks the way it
does,combined withafundamental joyinthe
outdoorsled himto study geology.

Asapostgraduate, he hadthe opportunity

to conductadvanced chemicalanalysesin
Germany; this was part of awish onthe part of
the research environmentin Bergen to build
alaboratory.No oneelse had the necessary
experience.

-Myjob was to participate in the drafting of an
application that would be betterthan the one



submitted by the University of Oslo, so that
we couldget the laboratory built in Bergen.
When we won the competition, there was a
vacant positionat the laboratory, and|was
hired.

Pretentious visionary
His new position opened the path towardsa
careerin palaeoclimate research.

- The visions we hadfor the Bjerknes Centre
when we started were quite pretentious,
Jansensays.- We started up with the objective
of becoming one of thefirst Centres of Excel-
lenceinresearch. When we were accredited
inautumn 2002, the entire situation changed.
We went from beingaloose network of
people who wantedto develop thingstoa
group havingawhole new set of muscles to
work with.

Jansenis characterizedasaleaderwhois
goodat getting people to cooperate,and he
is given much of the credit for havingmade
theinterdisciplinary collaboration between
institutions awell-functioning system.

- Ithinkthat might be one of my strengths.
There have been episodes in which some of
theinstitutions felt the Bjerknes Centre has
taken up too much spacein contrast to their
own institutions. Myself, | think that thisisa
necessity that we should be more open to
acknowledging.

Youare characterized asadiplomatic,gentle
man, but one witha firm message. How do
youreconcile those two charactertraits?

-lamashypersonin nature,and/think/can
get further without using sharp elbows.
Particularly when it is a question of building
cooperation, it is unwise to adopt a military
style of leadership. My style of leadership is
maybe less insistent, but | probably do have
anability to think strategicallyandto see
possibilities in the longer term, as well as what
needs to be done to realize them. But you
have to get people to work withyou in the
same direction.

Areyou good at convincing people?

-lamafirm believer ingood, mutual conver-
sations.

Bergen on the world climate map

The Bjerknes Centre decided veryearlyto
produce global climate simulationsin con-
junctionwith the United Nation’s climate re-
ports. The centre’sambition was that Norway

should have amodel system that generated
global simulations.

- The research community in Oslo was very
negative to thisidea. They had tried this them-
selves andfailed. They therefore thought that
it would be biting off more than one could
chew; Jansen recalls.

With determined work, Jansen and his
colleagues forged an environment resulting in
several Bergen researchers’ having key rolesin
global climate researchtoday.

-Bythefourthreport, there were only four
centres in Europe that could offer global
climate scenarios, and we were one of the four.
The establishment of the Bjerknes Centre as
aheavy international research institute has
beenveryimportant.

In September 2013, the UN’s climate panel,
IPCC, presented the first sub-reportinthe
fifthreport on climate. Jansen was one of the
key researchersresponsible for this.In2007
he was the only Norwegian researcher to
participate inthe final discussions on the UN’s
fourthreportonthe climate.

- The most exciting thing about beinginvolved
withthisisthat you getanoverviewofallthe
climate research available,and you also get
totalimmersionin your own scientific field,

Jansensays.

Doyousometimes lose sleepand worry
about climateinthe future?

- It’snot quitethat bad yet. But there isevery
reason to be worried. The knowledge we
have nowis not pleasant and is therefore
important to communicate to the public.
Sowe spendvery much time, in all kinds of
forums, giving lectures about these things. By
the time we presented the report, | had given
more thanthirty lectures,and/amlookingata
minimum of one per week from now on.

Anew everyday life

Atthe turnof the year, Jansen embarked on
anew everyday life. He will stillwork at the
Bjerknes Centre, but now with the title of
researcherandadvisor. He looks forward to
havingmore time for his own research.

- have spentalot of time and effort on making
provisions for others. Among otherthings, |
have missed being able toimplement my
own ideas from the ground up ratherthan
delegate everythingto others, he says.

The Climate Diplomat

Before Christmas it wasannounced that the
Bjerknes Centre will receive between 5o and
60 million Norwegian kroner from the Euro-
pean Research council (ERC) toinvestigate
what willhappenwith the Greenlandice sheet
if the oceanice inthe Norwegian Seaand the
Arctic Ocean disappears. Of atotal of 450
projectapplications fromall disciplines,only
13got through the eye of the needle.

- Getting this project approved was incredibly
rewarding. Many people thought it was
pointless to apply, but we thought that this
wasanimportant issue, one that could only
be solvedif we had large financial resources
available. With my background, it was
especially nice to get this project grant now,
towards the end of my career,and to prove
that palaeoclimate researchin Bergen is
world-class.

FACTS/Eystein Jansen

e Professorin Palaeoclimatologyat
Department of Earth Science.

Born 28 February1953in Bergen.

Research Directorat the Bjerknes
Centre for Climate Research from
2000t02013.

Doctorate in marine geology from
the University of Bergenin1984.

Coordinating firstauthor of
chapter 6, Palaeoclimate, for the
IPCC’s 4th report. Assessment
report publishedin2007and first
author for Sub-report1: Climate
Change - the Physical Science
Basis, IPCC5 Assessment report.

Member of the Norwegian Acad-
emy of Scienceand Academia
Europaea.

Has published more than120
scientificarticles, several of which
appearedin the respected
periodical Nature.




Climate issues back onthe media’sagenda
duringthe launch of the IPCC-report

The launch of the Fifth Assessment Report of the
IPCCin September this year constituted animpor-
tant momentin the continuous media discourse on
climate change.

BYJILL JOHANNESSEN

Intotal, the Bjerknes Centre was referred toin roughly 600 articles (592
until Dec.11) inthe news mediaand public web-based sources during
2013. Thisnumber includes articles online and paper, but excludes news
itemsin broadcast media. While the mediayear hadaslowstartfor the
Bjerknes Centre, the launch of the Fifth Assessment Report fromthe
Intergovernmental Panel on Climate Change (IPCC) pumped upthe
media coverage. During ten days, from September 20-29, the Bjerknes
Centre was involvedin more than 130 newsitems. The bulk of these
articles were news itemslinked to the IPCClaunchand published on
September 27,which was the day of the launch of the report. The media
coverage involving the Bjerknes Centre was also stronger inthe months
afterthe eventthanthe rest of the year.

Comparedtothe IPCClaunchin2007,the media coverage involving the
Bjerknes Centreinthe IPCC launchin 2013 was similarin numbers, but
with moreattentioninthe lead-up to the event. This couldbe duetoa
generalmediatrend, butalso due to deliberate mediawork ahead of
the event in which we wanted to spread out the attentionandto trigger
attentionahead of the launch.

The human footprint changing the earth

Onthesside of the Bjerknes communication strategy, we tried to push
fordifferentscientificangles (how climate change impacts different
elements of the climate system) ahead of the IPCC-launch, which was
reflected inthe news output. On the day of the launch, we empha-
sised humanity’s footprint on the climate system -which now canbe
identified in more and more parts of the system - in both the Bjerknes
pressreleaseand IPCC lead author Eystein Jansen’s presentation under
the national press conference. The message had moraland political
undertones. It was linked to the possibility of reaching the two-degree
targetandthe needfortransformingtoarenewable energy society,
aswellas our moral responsibility to future generations’ well-being,
These messages were echoed in several the major mediahouses, e.g,
Aftenposten, Bergens Tidende (see example below),and NRK as well as
local papers such as Haugesunds Avis,or more specialist media such as
Yr.no (all published on September 27th).

The IPCC launch & outreach materials
The Bjerknes Centre joined forces with CICERO Center for Climate
and Environmental Research, the Norwegian Polar Institute,and the
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@ Facsimile, Bergens Tidende 27.sept. 2013.

Norwegian Environment Agency inlaunching IPCC’s first report onthe
national scene. The collaboration helda press conference in Osloin
parallelwith theinternational launch in Stockholm, as well as breakfast
meetings in Oslo, Bergenand Tromsg prior to the launch. In addition,
the collaboration produced outreach material in Norwegian that
summarized the mostimportant results. The Bjerknes Centre was
responsible for two fact sheets concerned with climate change in Nor-
way, present and future scenarios, which involved a positive communal
effort from many scientists of the Bjerknes Centre. The fact sheets have
beenanimportant contributionand distributed toarange of different
actors, e.g, politicians,journalists,and schools.



@ TheBoardwas present to celebrate the Christie prize. From left: Eystein Jansen,
Tore Furevik, Tore Nepstad (IMR), Stein Sandven (NERSC), Dag Rune Olsen (UiB)
and Arne Svindland (Uni Research).

PHOTO: PAUL'S. AMUNDSEN/UIB

@ UiBrector, DagRune Olsen, from the board of the Bjerknes Centre and director of
CICERO, Cecilie Mauritzen, during the award ceremony.
PHOTO: TOVE HOFSTAD, VENSTRE

Bjerknes Centrereceives
the Christie Prize

“This is agreat acknowledgement of what we have accomplished, both
inresearchand outreach” Eystein Jansen said when the Bjerknes
Centre was awarded the Christie Prize by the University of Bergenat the
Christie Conference on 25 April 2013.

Theannual prize of NOK 250,000 isawarded toa person,agroup

of persons,acompany oran institution that contributes to better
cooperation between the University of Bergen and the community of
westernNorway at large.

Prof. Jansenwas happy and proudto receive the prize,and states:

‘Communication with people outside the scientific community has

always beenimportant for the scientists at the Bjerknes Centre. Our
policy has been to say yes to inquiries from the media. We work with
themes that are relevant for many,and needs to be communicated.”

The Bjerknes Centre and
CICERO share Venstre’s
Environmental Prize 2013

Venstreis Norway’s social liberal party,and decided to share their envi-
ronmental prize 2013 between the two large climate research centres
inNorway. While the Bjerknes Centre takes care of the natural science
research on climate, CICERO (Centerfor International Climate and

EnvironmentalResearch - Oslo) conducts research on climate change
and climate policy.

Accordingto Venstre andthe jury, “future climate changeis the largest
challenge for the coming generation. Both the BCCR and CICERO have
been outstandingin their outreach onthese important topics”. The
UiBrector DagRune Olsenreceived the prize in Osloin October on
behalf of the Bjerknes Centre, together with Cecilie Mauritzen, former
director of CICERO.

Outreachand media highlights @



@ Bakkeand his crew picked up ablock of ice from the Folgefonnaglacier and brought
itbackto Bergen.
PHOTO: JOSTEIN BAKKE

@ Discussingthe Finse blues. There is often a blue sky above the Hardangerjgkulen.
PHOTO: KERIMNISANCIOGLU

Ancientair bubbles
trappedinice fromthe
Folgefonnaglacier

Duringthe annual Norwegian Science Week several Bjerknes research-
ers participatedinthe program,in debatesandtalks. At the science fair,
“Bubblesinice”was the name of the stand by Professor Jostein Bakke at
the Department of Earth Sciences, UiB. Air bubbles capturedinthe
glacier contain traces of the climate thousands of years ago. Bakke
and his crew picked upa block of ice from the Folgefonna glacierand
brought it backto Bergen.Inaddition of beingaresearchtool, theice
was used onastand at the science fair. Visitors,mostly young pupils
and families,joinedin on experiences where they could examine theair
bubblesin microscope,and see the effect on sealevel of meltingice on
land versus ice melting on sea.Inaddition, several young researchers
informedabout different research projects related to glaciers and how
they can be usedin paleoclimatic research. Also popular was the pos-
sibility to dress upas ascientist working on the glacier with crampons,
harness,ice axe and helmet.
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Geosciencetracks onapp

Duringfive daysin September, Master’sand PhD students from Bergen
gatheredat Finse forafive-day course onscience communication

and outreach. The course was organized by ResClim and the Bjerknes
Centrein collaboration with the Centre for Science Educationat UiB
andincludedlectures fromthe Department of Earth Sciences, the
Geophysical Institute, the Department of Physics and Technology, the
Science Museumin Bergen (VilVite) aswellasalocal high-school teacher.
Onetask during the course was to further develop the “Turspor”
concept developed by associate professor Kerim Hestnes Nisancioglu.
Thisisaproject taking science education fromthe classroomand out
into the field, teaching geoscience to high-school studentsand the
general public.“Turspor”includes documented hiking routes at Dovre
and Finse with geo-referenced points of interest describing the local
geology, weatherand climate. During the 2013 science communication
courseat Finse, the students were challenged to develop new points
of interest relating to the local geology, weatherand climate andin the
comingyear the concept willbe expanded to the mountain areas of
Rondane and Jotunheimen. Tursporisacollaboration between UiB, the
Bjerknes Centre, the national public broadcasting company (NRK),and
the national trekkingassociation (DNT),and is made available through
the website UT.no,as wellas theirassociated app.



@ Thespectacularlandscape of Vesterélen made the scene forthe ACDC summerschool 2013.
Photos from field trips and the Nyksund village.
ALLPHOTOS: DAVID BATTISTI

Researchtraining @



@ Tastingasediment core. Fresh peat to taste and smell for teachersand pupils.
PHOTO:KERIM NISANCIOGLU

Spectacular Summer
Schoolin Vesterdlen

Therewasarecord131applicants forthe 27 placesin the Advanced
Climate Dynamics Course 2013. The lucky 27advanced PhD students
gatheredwith 12 teachersin Nyksund, Vesterdlen for the fifth ACDC
Summer Schoolinlate August. Inspectacular scenery, the participants
attendedasummer school with main focus on the dynamics of the last
deglaciation usingmodels and proxy data.

Inaddition to fundamental lectures on core topics, the participants
joined two days with field trips. The participants at the summer school
alsoarrangedan “openday” forlocalschools,where they were
introduced to climate, geology and meteorology in their own home
landscape. The teachersand pupils evensmelled and tasted peat from
afreshsedimentcore.

Near Nyksund, the landscape holds a remarkably rich geomorpholog-
icalrecord with awide variety of different landforms formed under
contrasting climate conditions. These include empty glacier cirques,
relict rock glaciers,avalanche deposits, marine terraces, weathered reg-
olith surfaces, alpine peaks,and this is one of the few places in Norway
were you can find remains of what appear to be land-based Last Glacial
Maximum (LGM) moraines.
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@ ClimateSnackersdissectinga text the GeophysicalInstitute.
From left: Hella Wittmeier, Anne Morée, Ragna Breines and Mathew Reeve.

PHOTO: GUDRUN SYLTE
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CLIMATESNACK

Becomingabetter
scientific writer

Climate Snack, “the writing skillsimprovement project for early career
scientist”, was officially launched by Mathew Stiller-Reeve at the
Bjerknes Getaway in January 2013. His idea was to buildacommunity
“withaspirations of improving the scientific writing skills of the young
and early career climate scientists who take the leap and become
authors”. ClimateSnack aims to provide ready-made platform to offer
climate scientists away to practice and improve their writing skills.

Mathew had clearly addressed aneed amongyoungscientists,as ayear
later he could sum up asuccessful year. Starting up with the Norwegian
name Klimasnakk, the English name ClimateSnack is now most widely
used. New writing groups keep popping up at universitiesaround the
world. As of March 2014 there were already several groups in Norway,
UK, Swedenand USA. Several more groups are starting in the UK, USA,
Germany, Switzerland and hopefullyalsoin Tanzania, Ugandaand South
Sudan.



CLIMATESNACK

@ HellaWittmeierand Wally Broecker. Broecker’s career startedin the late 1950s at the
Lamont-Doherty Earth Observatory of Columbia University in New York,and here he still
keeps busy today,as Newberry Professor of Earth and Environmental Sciences.

PHOTO: GISELA WINCKLER

Captain Climate - Talki

Whenvisiting the Lamont-Doherty Earth
Observatory of Columbia University in New York,
Hella Wittmeier made an interview with the
legendary climate researcher, Professor Wally
Broecker. Thisinterviewisashortversion;the full-length
version can be foundintwo parts at ClimateSnack.com

BYHELLA WITTMEIER,BASED ON TWO CLIMATESNACKS

Wally Broeckerisaclimate researcher who has had so muchimpact
inhis field that he is considered one of the most important figuresin
ongoing climate research. Heis the climate science pioneer who
invented the very expression global warming, who discovered the
ocean conveyor beltand revolutionized our understanding of the
ocean’sroleinthe world’s climate. He is the research innovator who has
done ground-breaking researchin the carbon cycle,and with others
invented the radiocarbon method, whichis one of our most valuable
toolsindating climate events backin time.

Whenasking Wally of the main unanswered questionin climate
researchtoday, hisanswer comes fastand accurate. He gives me allist
of issues that still puzzle him -all linked to the relation between CO,and
ice extent. Asked about how we cananswer these questions
technologicallyand socially, Wallyanswers:

“Putting CO, into the atmosphere has been mankind’s greatest geophysical
experiment. Weare learning that the climate systemturnsouttobea
helllot more complicated than we initially thought. On the time scale
thatthis s all going to happen, we will not be able to make really good
predictions. It is just too complicated. /am pushing, because fossil fuels

ngto Wally Broecker

aresocheap, anditis clearthat with technology we will find even more
than we found now. And right nowthey are cheaper than any other
source of energy. I think we will have to pull CO, out of the atmosphere.
Klaus Lackner at Columbiaknows howto doit,but he cantget the
money to build the prototype.”

Sowhere can this money come from? Our governments maybe?
Wally talked to Jens Stoltenberg, while he was Prime Minister of Norway,
one of the wealthiest oil producing countries in the world.

“I'said, you know, you as a nation are ahead of everybody else, in taxing

carbon andso forth, why don’t you use some of your oil money to
explore taking CO, out of the atmosphere?*

And Jens Stoltenberg answered categorically:

“lcan’tdothat. That has to be done by industry!”

Wally tells me that he found Jens Stoltenberg’s answer incredibly
disappointing.

“Whatis needed s like 100 million dollars, yet politics shovel their

responsibility to the industry. [ ... ] Thatis scary.Industry has nointerest
inthis, venture capitalists don’t want to do this because the pay-offis 20,
30,40 yearsaway.”

CO, capture and storage is the “dead obvious” solution to Wally.

And Wallyis, undoubtedly, one of the wisest guys there is in global
climate science. Already today, global warming is measurable. And it is
today, that the future of our globe, so beautifuland yet so fragile, lies
inourhands. Yet,allwe can dois hope fora change of thinking,and tell
peopleabout the science that we do.

Climate Snack/Wally Broecker - Captain Climate @



lce can flow like
ketchup

In many ways, glaciers behave like ketchup. Once the

layer of ketchup reachesacertain thickness, it will

start flowing off your hot-dogto drip onto your newly

washedwhite shirt. The sameis true for glaciers. Gﬂg

CLIMATESNACK
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BY CLEMENS SPENSBERGER, PhD STUDENT AT THE GEOPHYSICALINSTITUTE,

- @ Differenttypes of crevasses
UiB AND THE BJERKNES CENTRE

1.From frictionat the valley sides.
2.Fromthe underground becoming steeper.
3.Fromavalley becoming wider.
When moreand more snow piles up,at some point in time, after it The arrows show the ice movement through the glacier,
has been compressed toice, gravity will make the ice move down the dark blue lines show crevasses.
the mountain slopes. The further down the ice flows, the higher the

temperature,andthe more ice melts. So, even if the glacier does not
Accumu\at\on area

“pile-up”

changeinlength,iceis constantly flowingthrough the glacierfromthe

top where the snow piles up to the bottom where ice meltsaway. When
more snow piles up at the top thanice melts away at the bottom, the Equilibrium line
glacierwillbecomelongerand the glacier front willadvance.

Gravity pulls ontheiceall the time. Then,why doesn’t the ice move Ablationarea

fasterand faster down the mountain? Also,why is thereat least some “melt-away”
of the ketchup left onyour hot dog, after you've ruined your shirt? The
reasonis friction. It keeps both the ketchup onyour hot dogand theice

fromaccelerating down the mountain.

Glacier front

@ Themovement of ice throughaglacier
Thefrictionacts where the ice touches the rock, or where the ketchup

touchesthe hot-dog. That means, theice is held back along the valley
floorandsides. Ice flows fastest whereitis furthest away fromsolid
ground. Differences inthe ice movement because of frictionare one
causeforsplitsinthe glacier. The splits are called crevassesand can

be hundreds of meters longand up to meters about 50 meters deep.
Frictionis not the onlyreason for crevasses. For example, if the valley
becomes steeper, theice willflow fasterand crevasses willappear.
Similar things happen, if the valley is curved, or if itis getting wider. Each
of the reasons creates crevasses with a distinct orientation. So,one can
tell the cause of a crevasse just by its looks.

The ketchup dripping onto your shirt does not show any crevasses. But,
inafewlocationsin the world,ice and snow drips down a cliff from what
is calledahanging glacier to feeda child glacier at bottom of the cliff.
Think of that the next time you eat ahot dog]

First published by ClimateSnack.com October 4.2013 @ Supphellebreen,ahangingglacierand outlet glacier of Jostedalsbreen
PHOTO FROM 1993 BY TORE RORAAS. LICENSED UNDER CC-25
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@ Septembersnow. Participants at the Research Communication Course at Finse. PHOTO: KERIM NISANCIOGLU

ResClim Activity report 2013

In 2013, the Research Schoolin
Climate Dynamics (ResClim)
continued to offer high-quality
trainingactivities to our PhD
students.Inadditionto ourannual

discussedtheirscientificwork. The students

werealsogivenacollaboration challenge. Here

studentsweredividedintogroupsandinys

minutesthey hadto come upwithainterdiscipli-

nary projectand presentit.Supervisorsgavean
evaluationof the projectsandall projects were

¢
ResClim

The Research Schoolin Climate
Dynamics was officially launched
March2009andhasan 8-yeargrant

fromthe Research Council of Norway.
Presentlywe have 85 PhD students
and4ssupervisorsenrolled,whoare

courses, we offered anew course foundtobe verygood. locatedinBergen, Oslo, Tromsgand
] Svalbard.
withfocus onoutreachand Twiceayear,we offerstudentgrants forinter-
educating the public. national conferences, research staysand field/
labwork.In2013,atotal of 346,990 NOK was

BYRAGNA BREINES, PROJECT MANAGER granted.

Ourannual All Staff meetingtook placeat Weare lookingforwardfollowingyearsandwe

Sommargya,a 40 min.drive outside of Tromsg. will continue to offer high quality courses,work-

Here studentsandsupervisors presentedand shopsand financial supportto ourmembers.
COURSE NAME LECTURER LOCATION DURATION NO. PARTICIP.
Academic Writing Daniel Soule Oslo 3days 13
Large Scale Turbulencein the Prof. Joe LaCasce Oslo 10 days 9
Atmosphereand Ocean
Advanced Statistic Training Prof. David Stepensonand Theo Economou  Bergen 3days 18
Writing Workshop Dallas Murphy Bergen 5days 12
The Advanced Climate Dynamic Course See www.uib.nofacdc Nyksund, 15days 27
Summer school (ACDC) - Last Deglaciation Lofoten
Scientific Communication 8 lecturers from UiB/Skolelabben/VilVite Finse 5days 19
Academic writing Daniel Soule Bergen 3days 14

Ice canflow like ketchup/RESCLIM




@ EysteinJansen signs MoU with the University of Hawaii. Atle Nesje to the right. PHOTO: CAMILLA AADLAND

New initiativesand cooperation
Agreements with Hawaii

Two Memorandums of Understanding (MoU)
betweenthe Bjerknes Centre and the University
of Hawaii (UH) were signed during the first
months of 2013.

With tropical research nowincreasing at the Bjerknes Centre, there
have been discussions with UH to develop and finalize aresearch agree-
ment, which will facilitate and hopefully motivate collaborative projects
inthe future.

Leaders in Pacific Ocean and Asia/Pacific climate research

The Meteorology and Oceanography Departments at UH are leaders
in Pacific Ocean and Asia/Pacific climate research. Specific faculty ex-
pertise includes EINifio dynamics and water resource impacts, carbon
cycle/climate interactions, paleoceanography, air-sea

interactions,as wellas statisticaland dynamical downscaling,

This has led to two Memorandums of Understanding (MoU): one with
the Department of Meteorology and one with the Department of

@ Annual report Bjerknes Centre 2013

Oceanographyat UH.On February sth, the two Department Chairs,
Prof.Bin Wang (for Meteorology) and Prof.Kelvin Richards (for Ocean-
ography) signedthe agreements at the Manoa campus on Oahu.

Varied focus areas

The MoUs have many varied focus areas but can be summarizedas:

e Paleoclimate research including glacial terminations and
interglacial variability

e Dynamicaland statistical downscaling

e Climate/carbon cycleinteractions

EINifio dynamics and impacts atlocal scales

Decadalto multi-decadal climate variability
e Training of next generation of climate scientists
Exchange of scientific staff and students



Engagements
2013

GLOBAL DIMENSION

IPCC: 5th Assessment report: Prof. Eystein Jansen
and Senior Researcher Peter W.Thorne are Lead
Authorsin Working Group1for chapters5and2,
respectively. Prof. Svein Sundbyis Lead Author in
Working Group 2 for chapter 30. Prof. Christoph
Heinze and Senior Scientist Ken Drinkwater are Re-
view Editorsin Working Groups 1and 2, respectively.
Drs.Peter Thorne, Trond Dokken, Camille Liand
Jerry Tjiputraare Contributing Authors in Working
Group1.Dr.Peter Thorne is Contributing Author to
Summaryfor Policy Makers, Technical Summary

IPCC: Special report on Extremes:
Prof. Asgeir Sortebergis Lead Author.

Climatecode.org: Dr.Peter Thorne is Science
Advisory Board member.

FOO/GOOS: Framework of Ocean Observing:
Christoph Heinze is member of the Ocean Observing
Panelfor Biogeochemistry.

FIXo3: Truls Johannessenisamember
of the Steering Committee.

GCOS: Dr. Peter Thorneisactive in the following
committees: Co-Chair of the Global Climate
Observing Systemworking group onthe GCOS
Reference Upper Air Network (and precursor
Working Groups).

Editor, Global Chapter, State of the Climate annual
report.

Chair of steering committee for International
Surface Temperature Initiative.

Global Climate Forum: BCCRisamember of the
Global Climate Forum (GCF),anon-profit organ-
izationlocatedat PIK in Potsdam, Germany. GCF
isaplatformforjoint studiesand science-based
stakeholder dialogues on climatic change and
brings together representatives of different parties
concerned withthe climate problems.

ICES Working Group on Hydrography:
Senior Scientist Svein @sterhusisamember.
ICES Study Group on Ocean Acidification:
Dr.Are Olsenisamember.

International Geosphere-Biosphere programme
(IGBP) and World Climate Research Programme
(WCRP):

e Integrated Project CARBOCHANGE, coordinated
by Prof. Christoph Heinze, was endorsed by the
IGBP/SCOR sponsored projects SOLAS and
IMBER.

e Surface Ocean Lower Atmosphere Study (SOLAS).
Prof. Christoph Heinze isamember of the SSC.

o Integrated Marine Biogeochemistryand Eco-
system Research (IMBER). Senior Scientist Ken
Drinkwaterisan SSC member.

® Ecosystem Studies of Subarctic Seas (ESSAS).
Senior Scientist Ken Drinkwater is co-chair of this
IMBER regional program.

® PAGES (Past Global Changes).

Prof.Ulysses Ninnemann is onthe SSC of IMAGES,
the marine component of PAGES.

® PAGES Arctic 2k working group.

Dr.Martin Milesisamember.

® PAGES/CLIVARjoint working group.
Prof.Eystein Jansen isamember.

e Climate Variabilityand Predictability (CLIVAR).
Dr.Ken Drinkwater isamember of the Scientific
Steering Group (SSG).

e Prof.Helge Drange s co-leader of the CLIVAR
Working Group for Ocean Model Development
(WGOCMD).

e Scientific Advisory Boards. Prof. Eystein Jansen
isamember of the scientificadvisory board of
|C3-Climate Centre,Barcelona.

e Prof.Helge Drange is on the advisory board of
MARUM, University of Bremen.

International Ocean Carbon Coordination Project
(I0CCP):Dr. Are Olseniis scientific steering commit-
tee member.

International Union of Geodesy and Geophysics:
Dr.Solfrid Hjgllo is national IAPSO correspondent
and member of National Committee.

INTIMATE - INTegrating Ice-core, Marine and
Terrestrial records 8000-60,000 years ago:
Prof. Hilary Birksis on the Programme Management
Committeeand s co-leader of Working Group 4
‘Climate impacts on Ecosystems’.

ICOS: Prof. Truls Johannessen isan Executive Board
member 2008-2013,and member of the ICOSIRI
Committee.

OceanSITES: Senior Scientist Svein @sterhusisa
member of the Steering Committee.

Surface Ocean CO2 Atlas (SOCAT):
Dr. Benjamin Pfeiland Are Olsen are members of the
Global Coordination Group.

US National Climate Assessment 2013:
Dr.Peter Thorneis lead author.

EUROPEAN DIMENSION

CARBONES: Prof. Christoph Heinze is member of
the Scientific Advisory Board of the EU FP7 project
“30-year re-analysis of CARBON fluxESand pools
over Europe andthe Globe” (CARBONES).

COST: Senior Scientist Svein @sterhusisamember
of the European Cooperationin Science and

New initiatives and cooperation/Engagements 2013

Technology (COST)action project Everyone’s
Gliding Observatories Management Committee.
Prof. Christoph Heinze and Dr. Caroline Roelandt
aremembers of COST action “terrabites”.

ECO2: Prof. Christoph Heinze isa member of the
Scientific Advisory Board of the EU FP7 project
“Sub-seabed CO2 Storage:Impact on Marine
Ecosystems” (ECO2).

ECRA - European Climate Research Alliance -
Prof. Eystein Jansenisamember of the executive
steeringcommittee.

ESSAC: Dr.HelgaF.Kleivenis Norwegian national
alternateinthe Ecord Science Supportand
Advisory Committee (ESSAC).

IS-ENES: Prof. Christoph Heinze isamember of
the Scientific Advisory Board of the EU FP7 project
“Infrastructure for the European Network for Earth
System Modelling” (IS-ENES).

JPI Climate - Module 1: Prof. Tore Furevik is national
representative.

NERC (UK National Environmental Research
Council) : Dr. Peter Thorne is Steering Committee
member for Research Network on Surface Temper-
atures (Earthtemp).

NATIONAL DIMENSION
Research Council of Norway: KLIMAFORSK
programme board: Prof. Tore Furevik, vice chairman.

Research Council of Norway: Norway-India
Programme Advisory Committee:
Prof. Eystein Jansen, member.

Nansen legacy (“Arven etter Nansen”)
-anational consortiumto deliveracoordinated
research planfor the marine environment of the
Barents Sea to the Norwegian Ministry of Education
and ResearchinMarch 2014. Dr. Tor Eldevik (work-
inggroup leader) and Prof. Nils Gunnar Kvamstg
(member of steering committee).

National Platform for Ocean Research, Hav21,
issued by the Norwegian Ministry

of Fisheries and coastal affairs:

Prof.Helge Drange isamember.

Norwegian Geophysical Society:
Dr.J.Even@.Nilsen isamember of the board.

SUCCESS Prof Truls Johanessenis activity leader.

Bergen Climate Forum: The climate forumisa
localmeeting point for people from the industry
and commerce,authorities, organizations,and
educational-and research institutions. Itis collab-
oration between the Bjerknes Centre, the Bergen
Chamber of Commerce and Industryand the
Municipality of Bergen.




Organisation

BOARD

| SCIENTIFIC ADVISORY COMMITTEE

DIRECTOR

SECRETARIAT

LEADER GROUP

\I
/ I

( RESEARCH ACTIVITIES w

| RG1 Climate model developmentand projections

| RG2 Climate predictions from global to regional scales

| RG3 Carboncycleand biogeochemistry

| RG5 Atmosphere, cryosphere and ocean processes

| RG6 Natural climate variability - extending the instrumental records

|
|
|
| RG4 Large-scale atmosphere-ocean dynamics |
|
|
|

| RG7 Past climate dynamics - from greenhouse to icehouse

THE LEADER GROUP

The director,the head of administration and the leaders of the
Research Groupsformthe Leader Group, which deals with scientific
and governanceissues.

TOREFUREVIK

HELGE DRANGE
TORELDEVIK
IGOREZAU
CHRISTOPHHEINZE
CAMILLELI
KERIMNISANCIOGLU
ARE OLSEN
ODDHELGE OTTERA
ANNE BRITT SAND®
BJ@RG RISEBROBAKKEN
BEATRIZBALINO
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Professor (Director), Climate dynamics, UiB
Professor, Climate modeling, UIB

Professor; Ocean processes and modeling, UiB
Scientist, Meteorology, NERSC

Professor, Carbon cycle modeling, UiB & UniResearch
Associate professor, Atmospheric dynamics, UiB
Associate professor, Palaeoclimatology, UiB
Associate professor,Chemical oceanography, UiB
Scientist, Climate modeling, Uni Research
Scientist, Ocean modeling, IMR

Scientist, Palaeoclimatology, Uni Research

Dr.scient,Head of administration, UiB



The Boards

BOARD of DIRECTORS

ANTON ELIASSEN
ANNELISE FIMREITE
AINABERG

STEIN SANDVEN
HARALD LOENG

THE SCIENTIFIC ADVISORY COMMITTEE

ANNIE CAZENNAVE
JENSHESSELBJERG CHRISTENSEN
MICHAEL SCHULZ

DETLEF STAMMER

DAVID THOMPSON

ANDREW WATSON

Director, MET Norway (leader)
Pro-rector UiB

Managing Director, Uni Research AS
Director, NERSC

Research Director, IMR

LEGOS-CNES, France
DanishMeterological Institute, Denmark
University of Bremen, Germany
University of Hamburg, Germany
Colorado State University, USA
University of Exeter, UK

@ Ahaloinfrontof the G.O.Sars.On cruise inthe Greenland seain summer 2013. PHOTO: EMIL JEANSSON
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Research Groups (RG)

Theresearch groups are functional teams of scientists, studentsand
technical staff that implements the scientific strategy of the centre.

RG1: Climate model development and projections

The global climate modelling activities in Norway use the Norwegian Earth System Model - NorESM.
It provides model experiments to the internationally coordinated model intercomparison project
CMIPs5,andanalyses of climate simulations of past, presentand possible future climate.

LEADER (CO-LEADER)

H.DRANGE, UiB
(M.BENTSEN, Uni)

RG2: Climate predictions from global to regional scales

The climate variability in our region is heavily influenced by the oceanic and atmospheric variability in
heatand moisture transports. In order to predict climate variability, it isimportant to understand the
mechanisms behind this variability,and the interactions between sea surface temperatures, Arctic
seaiceand atmospheric patterns.

LEADER (CO-LEADER)

A.B.SAND®,IMR
(N.KEENLYSIDE, UiB)

RG3: Carbon cycle and biogeochemistry

Biogeochemical processes are important in the global climate systemand affect how much of man-
made CO,-emissions are taken up by the oceanand land surface. The research combines observations
and modellingto determine the fate of anthropogenic CO, input to the atmosphere anditsimpact on
the Earth system.

LEADER (CO-LEADER)

H. HEINZE, UiB
(A.OLSEN,UiB)

RG4: Large-scale atmosphere-ocean

Windsand ocean currents,as well as the heat, moisture,and salt they carry, control the evolution of
phenomena from weather systemsand monsoons to ocean eddies and the Gulf Stream.
To understand how these flows relate to climate, it is critical to elucidate the dynamics that maintain
their time-averaged characteristics as well as the interactions that cause flow variations.

LEADER (CO-LEADER)

C.LLUB
(T.ELDEVIK,UiB)

RG5: Atmosphere, cryosphere and ocean processes

The ocean, seaice and atmosphere are the major components of the marine physical climate system.
The processes within each medium,and those associated with the interaction between them,are
crucial tothe climate system. The predictive skill of the complexcomputer models that simulate the
future climate depends critically on how they represent the key processes

LEADER (CO-LEADER)

[.EZAU,NERSC
(LH.SMEDSRUD, UiB)

RG6: Natural climate variability

The research deals with the integration of high-resolution paleoclimatic records, observations and
climate model results to enhance our understanding of natural climate variability on decadal to
centennial time scales.

LEADER (CO-LEADER)

OH.OTTERA Uni
(J.BAKKE, UiB)

RG7: Past climate dynamics

Reconstructionsand modelstudies of past climates are decisive to understand howand why climate
has changed through time. The research encompasses dynamics of past warmand glacial climates
by studying the variability of ocean circulation and temperatures, ice dynamics,atmospheric
temperatures, wind forcingand mechanisms.

Annual report Bjerknes Centre 2013

€]

LEADER (CO-LEADER)

B. RISEBROBAKKEN, Uni
(K.NISANCIOGLU, UiB)



»

@ Top: Dragonfly. Bottom left: pollenand macrofossil traps at Upsete that has
trapped pollenand plant remains since 2004. Traps are emptied every autumnand
its contents are analysed to showannual variation in production and deposition of
fossils from different plants near the present day tree line.

Bottom right: Fjgrekoll (Armeria maritime)

ALLPHOTOS:ANNE BJUNE
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Staff 2013

SCIENTISTS

Jostein Bakke Norway Palaeoclimatology

Richard Bellerby UniResearch/NIVA Biogeochemistry

Laurent Bertino France NERSC Modellingand dataassimilation

Bhuvan Bhatt Nepal Uni Research Meteorology

H.JohnB. Birks Terrestrial biological climate proxies

Paul Budgell Canada Ocean modelling development

Frangois Counillon France NERSC Physical oceanographyand modelling

CarinAndersson  Dahl Sweden UniResearch Palaeoclimatology

Trond Martin Dokken Norway UniResearch Palaeoclimatology

Drinkwater Canada Oceanography &impacts of climate change

lgor Esau Russia NERSC Environmental boundary layers
llker Turkey Ocean processes

Gammelsrgd Norway Polar oceanography

Peter Haugan Norway Physical oceanography

@ Annual report Bjerknes Centre 2013



Christoph
Solfrid
Mehmet
Eystein
Emil

Truls

Noel
Martin
Helga Flesche
Trond

Nils Gunnar
Helene
Camille
@yvind
Torbjgrn
Kjetil

Jan

Michel dos
Santos

Martin

Kjell Arne
Atle
JanEven @ie
UlyssesS.

Kerim Hestnes

Are Christian S.

Abdirahman
OddHelge
Stephen
Pierre
Joachim
Bjorg
Annette
Anne Britt
Corinna
@ystein
Ingunn
Lars Henrik
Stefan
Asgeir
Thomas
Johninge
Henrik
Peter W.
Jerry
Thomas
Frode
Zhang
Svein

Bjgrn

Heinze
Hjgllo
llicak
Jansen
Jeansson
Johannessen
Keenlyside
King
Kleiven
Kristiansen
Kvamstg
Langehaug
Li

Lie
Lorentzen
Lygre
Mangerud
Mesquita

Miles

Mork

Nesje
Nilsen
Ninnemann
Nisancioglu
Olsen
Omar
Otterd
Outten
Rampal
Reuder
Risebrobakken
Samuelsen
Sandg
Schrum
Skagseth
Skjelvan
Smedsrud
Sobolowski
Sorteberg
Spengler
Svendsen
Sgiland
Thorne
Tjiputra
Toniazzo
Vikebg
Zhongshi
@sterhus
Adlandsvik

Germany
Norway
Turkey
Norway
Sweden
Norway
Australia
Malaysia
Norway
Norway
Norway
Norway
Canada
Norway
Norway
Norway
Norway

Brazil

USA
Norway
Norway
Norway
USA
Norway
Norway
Somalia
Norway
UK
France
Germany
Norway
Norway
Norway
Germany
Norway
Norway
Norway
USA
Norway
Germany
Norway
Norway
UK
Indonesia
Italy
Norway
China
Norway

Norway

uUiB

IMR
UniResearch
UiB
UniResearch
uUiB

uUiB
UniResearch
UiB

IMR

UlB

Nersc

uUiB
UniResearch
UniResearch
NERSC
UniResearch

UniResearch

UniResearch
IMR

UiB

NERSC

UiB
UniResearch
uUiB
UniResearch
UniResearch
NERSC
NERSC

UiB
UniResearch
NERSC

IMR

UiB

IMR
UniResearch
uUiB
UniResearch
UiB

UiB

UiB

IMR

NERSC
UniResearch
UniResearch
IMR

Uni Research
UniResearch
IMR

Carbon cycle modelling
Oceancirculation

Oceanography

Palaeoclimatology

Chemical oceanography
Biogeochemistry

Tropical meteorology
Atmospheric dynamics
Palaeoclimatology

Oceanography

Meteorology

Ocean dynamics, climate modelling
Atmospheric dynamics and paleoclimate
Palaeoclimatology

Economics &statistics
Biogeochemistry & modelling
Palaeoclimatology

Atmospheric dynamics

Climate time series analysis
Physical oceanography
Palaeoclimatology

Climate modelling
Palaeoclimatology
Palaeoclimatology &modelling
Chemical oceanography
Chemical oceanography
Climate modelling
Atmospheric dynamics

Physical oceanography
Meteorology
Palaeoclimatology
Oceanography
Oceanmodelling
Oceanmodelling
Oceancirculation

Chemical oceanography

Polar oceanography
Atmospheric modellingand dynamics
Climate modelling

Dynamic meteorology
Palaeoclimatology
Oceanmodelling

Climate change

Carbon cycle modelling
Meteorology

Climate impacts on marine ecosystems
Paleoclimatology and modelling
Physical oceanography

Physical oceanographyand modelling

Staff




POSTDOCS

Muralidhar Adakudlu India UniResearch Atmospheric modellingand dynamics
Roohollah Azad Iran uiB Regionalatmospheric modelling
Jon Bergh Sweden NERSC Meteorology -oceanography
Elin Darelius Chiche Sweden UiB Polar oceanography

Linling Chen China NERSC Meteorology

Laura Ciasto USA UiB Climate dynamics

Ute Daewel Germany uiB Physical oceanography

Mirjam Glessmer Germany uiB Climate dynamics

Nadine Goris Germany uiB Chemical oceanography

Anna Hughes UK UiB Paleoeclimates

Nil Irvali Turkey UniResearch Palaeoclimatology

Petra Langebroek Netherlands UniResearch Paleoeclimates

SivKari Lauvset Norway uiB Chemical oceanography

Yu Lei China UIB Atmospheric modellingand dynamics
Stephanie Mayer Germany uiB Meteorology

Iselin Medhaug Norway UiB Physical oceanography
SusanadasNeves Mendes Portugal UiB Meteorology

Mari Myksvoll Norway IMR Physical oceanography

Caroline Roelandt Belgium UiB Terrestrial Biogeochemical modelling
Jorg Schwinger Germany uiB Carbon cycle modelling

Mao-Lin Shen China UniResearch Physical oceanographyand modelling
Lingling Suo China NERSC Climate dynamics

Ellen Viste Norway UiB Meteorology

Kjetil Vage Norway UiB Physical Oceanography

Marius Arthun Norway UiB Oceanmodelling

PhD CANDIDATES

Helle Augdal Botnen Norway UiB Biogeochemistry

Kjersti Daae Norway UiB Physical oceanography

Pierre de Wet South Africa UiB Oceanography/climate dynamics
Marie Eide Norway UiB Chemical oceanography

Vivian Astrup Felde Norway UniResearch Terrestrial plant biodiversity

Eirik Vinje Galaasen Norway UiB Palaeoclimates

Marthe Gjerde Norway uiB Palaeoclimates

Stephanie Gleixner Germany UiB Meteorology

Mari Fjalstad Jensen Norway UiB Palaeoclimates

Stefan Keiderling Norway UiB Meteorology

Erlend Moster Knudsen Norway UiB Oceanography

Vidar Lien Norway IMR Regional ocean modelling

Sigrid Lind Norway IMR Oceanography

TorL. Miell Norway UiB Palaeoclimates

®
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Aleksi Nummelin Finland Palaeoclimates

Lea Toska Oppedal Norway Uni Research Palaeoclimatology

Maringeborg Sandvik Norway Meteorology

Svetlana Sorokina Russia NERSC Meteorology

Svendsen Norway Meteorology

Andrea Tegzes Hungary UniResearch Palaeoclimates

Kristian Vasskog Norway Palaeoclimates

TECHNICAL STAFF

Dagfinn Norway UniResearch Palaeoclimatology

Alok Gupta India UniResearch Climate modelling

Ingeborg Helvik Norway UniResearch Paleobotany

Espen Karlsen Norway Uni Research Meteorology; oceanography

Benjamin Pfeil Germany UniResearch Datamanager

Rune Egil Sgraas Norway UniResearch Palaeoclimatology

ADMINISTRATION

Lars Fagerli Norway UniResearch Financial officer

gt Fkh  Noway  UnRessrch  Reseachoordnaor
Kim-André Hergy Norway UniResearch Senior Secretary

S Johamessen  Noway  UniReserch  Headofcommumcations
Beate Klementsen Norway UniResearch HR Manager

(Charlaender  Oken  USA  UnResearch  Admnstameconsdbant
Gudrun Sylte Norway Uni Research Head of communications

Staff @



BCCRscientists visiting INSMET, the
Meteorological Institute in Cubainspring
2013foraworkshopinthe research project
XCUBE dealing with the future of climate
extremes in the Caribbean.

@ TheMeteorologicalinstitute.

@ TheMeteorologicalinstitute with
aview of Havana.

PHOTOS: MICHEL DOS SANTOS MESQUITA
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External funding:

2013Was a record year

In2013a considerable number of research projects were about to
wind down.So when the last call of the NORKLIMA program from the
Research Council of Norway (RCN) was released,a concertedaction
was taken to renew the external fundingin order sustainand enhance
the level of scientificactivity so far. And the effort bore fruits: nine
outof thirteen successful projects were granted to Bjerknes affiliated
scientists,about 100 millNOK to be spent the next 4-5 years.

Eystein Jansen,director of the BCCR until December 2013, was optimist
about the outcome, but these results exceeded all expectations:

"This shows that we have the best projectsand the best ideas. Many of
the new project leaders started their scientific career at the Bjerknes
Centre. With thisamount of external funding we canincrease the activ-
ityatthe centre,and engage new young talents” Eystein Jansen said to
the university newspaper PaHgydenin June.

Additional 30 millNOK were secured in the form of five grants through
RCN s fundingschemeforindependent projects FRIPRO, three of
whichallocatedto “Youngresearcher talents”.

BCCRwasalso successfulinthe competition forinternational funding,
acquiringa17 millNOK grant from the Nordic Top Research Initiative
(GREENICE)andag mill Euro Collaborative Project under the last call
from FP7 (PREFACE).

Finally, the Bjerknes Centre allied with colleagues from Denmark won
aprestigious ERC Synergy grant. “Ice2lce” wasamong the thirteen
successfulapplications out of atotal of 449,and the Bjerknes Centre
isthe first Norwegian institution that succeeded in this fierce compe-
tition. The grant brings atotal of 12,5 mill Euros over a period of 5 years
and willallow the engagement of 10 new recruiting positions at UiBand
UniResearch. Ice2lce co-Plsin Bergenare Eystein Jansenand Kerim
Nisancioglu.

Thus, the grounds are set for the Bjerknes stafflist to grow from 2014
and onwards.

@ Sixproject leaders celebrating the results from the NORKLIMA call in June.
From left: Noel Keenlyside (EPOCASA), Emil Jeansson (VENTILATE), Are Olsen (SNACS) with his son Even, Tor Eldevik (NORTH), John Inge Svendsen (EISCLIM) and Christoph Heinze (EVA)
PHOTO: CAMILLA AADLAND
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Selected Publications

Bjerknes researchers published over120articles ininternational peer reviewedjournalsin 2013.
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