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Foreword
The Geophysical Institute’s (GFI) research strategy has remained along the same lines since its first
strategy plan was developed for the period 2003–2005. The new plan put forth here uses that plan as a
point of departure. The main motivation for adjustments and updates comes from: (1) the Research
Council of Norway’s evaluation of the institute, (2) the strategy plan from the Faculty of Mathematics
and Natural Sciences, and the University of Bergen, and (3) the changes in the institute’s academic personnel.

As a university institute, GFI has the particular responsibility for ensuring knowledge building in meteorology, oceanography and climate dynamics. More overarching cross-disciplinary efforts are attended
to by the faculty and the university itself. Our disciplines are well centered in the university’s efforts on
climate and marine- and development-related research. In addition, much of our activity should be seen
as core activities in the faculty’s efforts on climate and energy. Beyond ensuring basic, disciplinary research, we therefore have a responsibility to take an active and constructive role in these efforts.

This report places emphasis first and foremost on clarifying our research profile and the scientific ambitions for the years ahead. The secondary intention is to highlight for students our research-based teaching
and to show the possibilities for Master’s degree studies at the institute.

Nils Gunnar Kvamstø
Head of Department
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The Geophysical Ins tute
The recent period has been marked by high turn-

Faculty of Mathematics and Natural Sciences at

over in the staff at the Geophysical Institute

the University of Bergen. However, GFI was

(GFI). A main focus of GFI’s research strategy

etablished as an independent institute in 1917 by

through this period has been on recruitment and

pioneers in meteorology and oceanography, and

forming a new institute where the activities build

later became one of the forerunners of the uni-

upon the expertise and traditions from earlier

versity, which was founded in 1946. GFI is inter-

generations, but at the same time using new

nationally recognized for research in meteorolo-

knowledge and new technology in order to solve

gy, oceanography and climate. In recent years,

new challenges. The philosophy has always been

GFI has been one of the co-founders of the

to contribute as much as possible to scientific

Bjerknes Centre for Climate Research, and today

advances based on combining (mathematical–

is the host institute for the Bjerknes Centre. The

physical) theoretical studies with the application

institute leads and participates in several large

of modern instrumentation and numerical mod-

projects with international and national partners.

els. This will also be a fundamental element in
this revision, which primarily encompasses up-

Our vision is to be an international leader in

dating the present research themes and scientific

research in selected themes within our field.

challenges that we work with now and in the fu-

We also strive to be a leading provider of

ture.

knowledge for sustainable development of cli-

The Institute is today a department within the

mate and natural resources.
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Scien fic profile and goals
level within four selected areas. These areas
The institute’s primary goal is to create funda-

form the basis for organizing the research at GFI

mental recognition within physical/dynamical

within four research groups.

Meteorology
Group Leader: Jan Asle Olseth
Jan.Olseth@gfi.uib.no
Our research in meteorology encompasses activities within measurements (observations), modelling and theory. There is great potential for synergy between these activities and thereby to
achieve increased understanding of processes in
the atmosphere that are key for weather forecasting, applications within renewable energy and
meteorology and oceanography, biogeochemis-

understanding/prediction of climate change. Fo-

try and climate dynamics. Common aspects of

cus areas in the future are:

our basic research are process understanding and
prediction. This knowledge is attained through
interplay between experimental activity, theory
and modelling. The institute has leading expertise within our disciplines, making use of advanced and modern instrumentation and supercomputers with amongst the highest capacity in
the world. In addition to base funding, our re-



Polar meteorology – increase understand-

search is funded through a comprehensive port-

ing of processes in the polar atmosphere in

folio of external projects from the Research

order to improve weather forecasting and

Council of Norway (RCN), the European Union

mapping extreme weather.

(EU) and business and industry. This means that



Renewable energy – Measure and map so-

we are well-positioned to make important contri-

lar energy potential. Map the patterns of

butions on the basic research front. Our most im-

boundary-layer motion using new measure-

portant goal is to strengthen our capability to

ment methods, which is key for developing

conduct basic research on a high international

technology connected with wind energy.
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Study physical and dynamical processes
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Interactions in the climate system: Atmos-

connected with low-pressure formation, cy-

phere–ocean–ice interactions, waves and

clone development and airflow over moun-

turbulence, land—ocean transition zone,

tains.

sediment—ocean exchange, and the transfer of observation based understanding.

Physical oceanography



Group Leader: Corinna Schrum
Corinna.Schrum@gfi.uib.no

Regional marine ecosystems: Coastal zone
and fjord systems, coupling of higher and
lower trophic levels and hydrodynamic processes, and biogeochemical processes in
marine ecosystems.



Environmental consequences of anthropogenic activities in the marine environment:
Large marine constructions, dispersion and
partitioning of environmental pollutants,
and the combination of multiple stressors.

Biogeochemistry
Our research in physical oceanography has the
goal of increasing the understanding of physical

Group Leader: Christoph Heinze
Christoph.Heinze@gfi.uib.no

and dynamical processes in the ocean and improve the description of ocean circulation and its
variability. We place special attention on the polar seas and the marine areas around us. We
study the ocean’s role in the climate system and
how the physical processes influence and interact with marine ecosystems. The most important
tools that we use are advanced measurement
equipment and numerical models. Important future research themes are:


Dynamic processes in the ocean: Largescale circulation, fjord and coastal circulation, mixing processes and deep water formation, and the energy cascade from large
to small scale.

Biogeochemistry is the study of the processes
that determine the chemical structure and composition at the surface of the earth (atmosphere,
ocean and the earth’s crust). The research group
in biogeochemistry has concentrated itself on
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studies of the marine carbon cycle through developing numerical models and observering sys-



tems. More recently we have also started up activities on terrestrial (land) systems. Focus areas

Study how human activities affect the biogeochemistry in the ocean



in the future are:
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Study how permafrost and ice affect greenhouse-gas concentrations in the atmosphere

Understand the role of dynamics in the
deep ocean for the ocean’s uptake of CO2,

Climate dynamics

through developing improved models using

Group leader: Asgeir Sorteberg
Asgeir.Sorteberg@gfi.uib.no

observations and data assimilation techniques


The climate dynamics research is concentrated
Understand how the cycles of various elements and matter affect each other



Understand and quantify the role of the
coastal areas in the biogeochemical budgets



on understanding the variability and changes in
climate in the mid- to high latitudes. In particular
we study how the characteristics of temperature
in the ocean surface and the sea-ice cover affect

Model the effect of biogeochemical pro-

key phenomena such as cyclone tracks and the

cesses on geological time scales. (Simulate

jet stream. In addition to atmosphere–ocean in-

the origin and development of ocean sedi-

teractions, focus areas are:


Study how internal variations and external
radiative forcings (such as an increased
greenhouse effect) will affect energy transport – in both the ocean and the atmosphere
– from the equator to the poles



Study processes in the atmosphere that give
rise to internal variability and long term
systematic changes in the hydrological cycle.



Study processes that determine sea level
and its variability.



Develop better climate models and examine
the possibilities to use them for seasonal to
decadal forecasts in our region.

STRATEGY NOTE º GEOPHYSICAL INSTITUTE º 2014-2019

9

STRATEGY NOTE º GEOPHYSICAL INSTITUTE º 2014-2019

10

Public need for knowledge in meteorology and oceanography
Expertise in these fields is becoming more time-

proach in the desire to observe the relationships

ly and in-demand because it has an important

between the more short-lived processes over

role in dealing with global challenges such as

time. This has led to the growth of climate re-

climate, energy and access to water. Our re-

search at the institute, and its relevance is most

search in meteorology is largely linked to ques-

obvious when it comes to understanding and pre-

Schematic view of research activities at GFI. Columns indicate discipline-based fundamental research,
while rows show cross-cutting research topics. Yellow: activities towards principle process understanding. Green: activities towards interdisciplinary system-based research or technological application.

tions within weather forecasting and understand-

dicting the increasing changes in the climate sys-

ing/mapping phenomena with implications for

tem. Nevertheless, we know that in order to deal

infrastructure such as airports, bridges, roads,

with these changes, major changes are needed in

etc. In physical oceanography we have had con-

the way that we use and produce energy. Among

siderable activity in mapping ocean currents and

other things, it is essential that we exploit renew-

variability of salinity and temperature; this re-

able energy from the Sun, atmosphere and ocean

search has applications in operational activities

to a much larger degree than today. This requires

and remains very important. Increasing attention

mapping these resources, and developing new

on climate has stimulated a more integrated ap-

knowledge and technologies for their best possi-

11
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ble exploitation. Secondly, we need to learn how

in themselves, but also for predicting climate

human exploitation of renewable energy affects

changes and the development of important re-

the physical environment that provides the

sources in the ocean.

boundary conditions for ecosystems. The marine

Given this background, together with the exper-

ecosystems in particular play an important role

tise and activities of the researchers, the institute

for our national economy and also the global

has defined four focus areas that cut across the

food supply. Understanding the interplay be-

basic

disciplinary

research

on

processes:

In addition to observational data sets, global climate models are an important tool for studying the nature, direction and strength of Atmosphere—ocean—ice interactions. The institute has contributed to
establishing such a model in Bergen in the project EarthClim, and is currently developing it further in the
new project EVA. The figure shows simulated sea—ice thickness in NorESM in colours (orange and red
colours showing sea—ice thickness between 3-6 m, green and blue colours below 3 m) and satellitederived sea—ice extent by the black line, both for the time period 1976—2005: March (left) and September (right).

tween ocean currents and physical, biological

“atmosphere–ocean–ice interactions”, “climate

and chemical processes in the ocean is absolutely

variability and marine ecosystems”, “polar re-

essential in order to manage these resources. Ma-

search” and “renewable energy resources”. The

rine ecosystems also influence the ocean water in

first two areas have the goal of establishing con-

which they live. Through uptake of nutrient salts,

ceptual understanding of the role of the various

CO2 and oxygen, ecosystems have a natural

components of the climate system, while the

place in the cycle of these trace elements; some

third area attempts to attain integrated under-

of these, for example CO2, are part of regulating

standing of atmosphere–ocean–ice processes in

the greenhouse effect on Earth. This illustrates

the polar regions. The theme “renewable energy

the complexity of the physical–biological link-

resources” is already a large and important field

ages that are so important to understand not only

in the global transformation towards a sustaina-
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ble energy supply. Here we can contribute to-

to these interactions. In addition to observational

wards applications with a knowledge basis for

data sets, global climate models are an important

technology development and decision-takers,

tool for studying the nature, direction and

and in this way give positive assistance to the

strength of these interactions. The institute has

energy transformation process.

contributed to establishing such a model in Bergen, and has experience in using it as a numeri-

Atmosphere–ocean–ice
interac ons
The overall objective is to contribute to the fundamental understanding of climate variability,
particularly in the North Atlantic and Arctic regions with an emphasis on the role of interactions between the ocean, sea ice cover and atmosphere. These interactions drive variability on
a wide range of time scales, from days to decades and beyond. Because tropical variability
has a global influence, it is necessary to consider

cal laboratory.
Ongoing and recent projects that supports
this research are:
EarthClim, PREFACE, EVA (start 2014), GREENICE (start 2014).

Climate and marine ecosystems
The physics and chemistry in the ocean affects
the production and distribution of organisms in
the various levels of the marine nutrient chain,
from phytoplankton to fish. GFI will contribute
to a more holistic understanding of how the
ocean climate affects the marine ecosystems

remote teleconnections as well as local responses

Climate and marine ecosystems: The physics and chemistry in the ocean affect the production and distribution of organisms in the various levels of the marine nutrient chain. The figure shows a south-north
gradient (red arrow in top-left map) in the Barent Sea where different water masses, ice and other physical processes create different ecosystems. GFI contributes to a more holistic understanding of how the
ocean climate affects the marine ecosystems through developing coupled models.
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through developing coupled models. As a start-

years or so. This has been coupled to a substan-

ing point, it is recognized that the biological,

tial reduction in the sea-ice cover in recent dec-

physical and chemical processes are integrated

ades and a further reduction is expected. The

Polar research: Prof. Ilker Fer from GFI deploys an ocean microstructure profiler from sea ice using a
manual winch. Kongsfjorden, Svalbard, April 2006.

components in the functioning of marine ecosys-

transition from sea ice to open ocean constitutes

tems, and the processes linked over a range of

a sharp contrast in local climate conditions and

temporal and spatial scales are essential to un-

influences animal life and ecosystems to a large

derstand and to include in the models.

degree. Sea-ice extent can also affect weather

Ongoing and recent projects that support this
research are:

and wind. The marine ecosystems in the north

CARBOCHANGE, MEECE , SEAMAN , POME

are under pressure because of climate changes,
ocean acidification and long-distance transport

Polar research

of pollution. This, together with the increasing

The polar regions have a key role in the climate

business activities make it necessary to strength-

system. In these regions there is: (a) intense ex-

en our fundamental system understanding of the

change of heat between the ocean and atmos-

marine bio- and geosphere in order to be able to

phere, (b) deep-water production, and not least

make future risk assessments and knowledge-

(c) formation of ice and snow, which gives polar

based management in these areas.

ocean and land surfaces special properties re-

Ongoing and recent projects that support this
research are:
BIAC, BLUEARC, HIMWARK, WARM
(start 2014), NICE (start 2014)

garding reflection of incoming solar radiation. In
the Arctic, warming has been three times greater
than for the rest of the earth over the last 50
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ing and controlling renewable energy

Renewable energy resources

sources and systems

To contribute to a slowdown in the ongoing
global warming driven by anthropogenic CO2



Offshore wind energy construction

release we need to change the manner that we



Environmental consequences of energy

produce and consume energy. In order to greatly

systems and feedbacks to climate and the

reduce the world’s use of fossil fuels, we need to

earth system

implement a radical change toward much larger
use of renewable energy resources. The institute
has strong expertise within basic research that is
central for the exploitation of such renewable

Ongoing and recent projects that support this
research are:
NORCOWE, NOWERI-OBLO, COST ACTION
UAS

energy. It is our goal to develop and disseminate
knowledge that can be used to transform the production and the distribution of energy. Areas to
which we can contribute are:



Mapping (and evaluation) of renewable energy resources



Basic knowledge in geophysics for manag-

Renewable energy resources: Wind turbines and meteorological mast at the test site of the Energy Research Center of the Netherlands (ECN) where GFI is performing measurement campaigns, e.g. on the
investigation of wind turbine wake effects, in the framework of the Norwegian Center for Offshore
Wind Energy (NORCOWE).
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