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A few scholarly works have been completely and 
published: 

•	 Fuentes, G. and Z.H. Munim (2025) “Climate influence 
on Panama Canal operations: Predicting canal water 
times with integrated environmental and operational 
data”, Transportation Research Part E: Logistics and 
Transportation Review. 

•	 NHH Master thesis: “Climate-Induced Constraints 
on Maritime Logistics: Estimating the Economic and 
Operational Impact of El Niño on Panama Canal Bulk 
Carrier Traffic (2023–2024)”. This study examined the 
effects of El Niño on third-party economies dependent 
on the Panama Canal, with a particular focus on grain-
importing countries.  

•	 NHH Master thesis: “Vessel Heading Optimization: 
A Techno-Economic Optimization of Vessel Heading 
for Energy-Efficient Dynamic Positioning of Offshore 
Support Vessels.” This work was awarded Best Thesis 
under the Lehmkuhl Grant at NHH for proposing 
innovative, industry-relevant solutions.

•	 NHH and SNF researchers’ work on “Natural Disaster 
Risks in Seaports for Oil Energy Trade” was accepted 
for publication in 2025 in the Journal of Transportation 
Research Part E.

 
The Smart Shipping node emphasizes practical, industry-
relevant challenges where weather and climate directly 
impact operations, and this focus will continue going 
forward. Our work also seeks to align with ongoing policy 
discussions, particularly those concerning climate risk in 
maritime activities and the consistency between current 
emissions-reduction pathways and the role of weather-
dependent, energy-efficient operational practices.

Panama Canal. Photo: Alex Pagliuca/Unsplash
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Sustainable food production

Agriculture
Innovation area leader: Synnøve Vonen Kvaal

The agricultural sector is highly affected by climate change and increasing 
weather variability, and our work in 2025 has focused on developing and 
implementing improved climate services across production systems. The goal is to 
strengthen the knowledge base for farmers, advisors, and public authorities, and 
to support better preparedness, more accurate production planning, and more 
resilient management strategies in a changing climate.

Upscaling of co-produced extend range forecast dissemination 
Work on user‑tailored extended‑range forecasts continued in 2025, building 
on insights from previous years. In 2025, the four‑week forecast newsletter 
reached around 1 550 recipients, primarily farmers, and feedback shows demand 
for this type of forecast product. In 2025, efforts focused on strengthening 
communication and further refining the content, with the aim of reaching several 
thousand agricultural stakeholders.  

Reindeer Focus Group
In collaboration with the County Governor and NLR, focus groups were 
established in 2025 to explore how extended‑range forecasts can support 
planning of migration routes and winter grazing areas in reindeer husbandry. The 
groups were successful—showing engagement, relevance, and practical value. 
These experiences form the basis for expanding the initiative in 2026, involving 
larger groups and a broader range of stakeholders.

Serious game – “Melkeværet”
“Melkeværet” was actively used in 2025 as a tool for dialogue, learning, and 
collecting insights on how farmers interpret and use subseasonal and seasonal 
forecasts. Two game sessions were held with farmers in collaboration with NLR 
and Norges Bondelag, and the game was presented and tested at NLR’s annual 
meeting. In 2025, necessary materials have been developed and provided to NLR 
so they can run sessions independently. The results will in 2026 be systematized 
with the aim of producing a scientific publication.

  
The Sustainable Food Production node aims at helping producers optimize their food production, both on land and at sea, when facing a changing climate. Tools for 
integrating long-term weather forecasts in agriculture and the aquaculture industry are being developed to help manage climate risk both at present and in the future.
Given the professional, hands-on experience of our user partners in all parts of the value chain of the food industry, adequate and useful climate services are being 
developed in collaboration between scientists, digital application developers and user partners.

Photo: Evgeniy Sergeev/Colourbox
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Forage Yield Hindcast
Following the development of the grass growth model in 2024, work in 2025 
focused on analyzing how historical hindcast data can be used in practical 
decision support. The aim is to understand how forecasts can contribute to 
improved planning of mowing, resource use, and risk management in grass 
production. This work forms the basis for a publication to be completed in 2026.

Beekeeping and climate adaptation 
In 2025, NORCE researchers continued their work on climate adaptation in 
Norwegian beekeeping, focusing on how warmer, wetter, and more variable 
climate affects their practices. The work aims to explore how subseasonal 
forecasts can support decision-making and reduce climate risk in beekeeping. 
The work was presented at meetings for APIMONDIA (International Federation 
of Beekeepers’ Association). Related work on reviewing how climate change is 
impacting global beekeeping as a social practice was also published in the journal 
AMBIO, with climate futures co-authors Manuel Hempel and Etienne Dunn-
Sigouin.

The 2018 drought 
The analysis of the 2018 drought shows that extended‑range forecasts could have 
provided early and clear signals of the warm and dry July, and that demand for 
such information is high in the agricultural sector. At the same time, the study 
reveals that the benefits of forecasts are limited without parallel improvements 
in communication, interpretation capacity, and the ability to act on forecast 
information. At the farm level, lack of adaptive infrastructure (such as irrigation) 
was a major constraint. The publication was conducted in 2025 and published in 
2026.

Spin-off project: Seasonal forecasting service – AVANSE
In 2025, The Norwegian Meteorological Institute developed a project proposal for 
a Copernicus call aimed at creating a seasonal forecasting service for experienced 
users in the agricultural sector. The proposal received funding, and the AVANSE 
project will kick-off in 2026. The County Governors, NLR, and Climate Futures all 
support the initiative and will contribute.

Yield, timing and genetic profiling of crops
For the past three years we have developed, in close collaboration with 
Gartnerhallen and regional packing facilities, a fruit-yield prediction model that 
can be used throughout the growing season to inform production planned. This 

model couples historical data on fruit production with weather information to 
build a weather-dependent model that predicts harvest time and fruit yield for 
the coming season. The model updates throughout the year as new weather data 
becomes available. In 2025 we continued this development, primarily focusing 
on improving the model specification and cleaning data.  Throughout the growing 
season, the model was updated weekly and close interaction between climate 
futures researchers and personnel at Gartnerhallen led to important insights in 
the model development.

The results of this exercise were highly informative, especially in relation to our 
model for plum yields.  Our model was highly accurate with regards to the timing 
of plum harvests, showing a small error across all major regions and varieties.  At 
the same time, the model showed a substantial over-prediction of yield amounts.  
This was due to anomalous weather patterns experienced throughout Norway 
where an early warm spell (leading to early blossoming) was followed by a cold 
snap.  The cold weather led to reduced bee activity, diminished pollination and 
thus a reduced annual yield.

The research into this yield forecasting system will be continued and extended 
in 2026. It should prove an exciting year to monitor the forecasting system. This 
is due to biennial bearing, the phenomenon whereby a low yielding year can be 
followed by a high-yielding one.  We will research building the biennial bearing 
component into the model.  In addition, we will work on more nuanced feature 
engineering, with the hope of characterizing years such as 2025 where an early 
start to the growing season leads an anomalously low yield due to reduced 
pollination activity.  As in previous years, model estimates will be updated in real 
time and a tight collaboration between Climate Futures personnel and staff at 
Gartnerhallen will enable continual feedback on the model’s development.

In addition, our work with Graminor to develop a comprehensive tool for 
assessing the interaction between genetics and environment in field trials 
continued in 2025. This involved further refinements to the spatial overdispersion 
correction methodology. We continued development of dimensionality reduction 
methodologies for reducing high-dimensional weather features into a smaller 
subset with use of partial least squares. We have begun work on an academic 
article describing this methodology. In addition, we have explored incorporating 
genetic information into these models, to help inform Graminor’s breeding 
program.
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Aquaculture
Innovation area leader: Helene R. Langehaug

The aquaculture node had an active year in 2025 with new publications, meetings 
between researchers (NERSC, NORCE, UiB) and users (IMR, Clarify) in the consortium, 
proposal writing, and interactions with additional stakeholders external to the consortium 
(which could potentially be new users in the future). There has been a lot of public 
interest, leading to invitations to present the work in the node at various events both to 
stakeholders and scientific conferences. We have three new publications; two on marine 
heatwaves (MHWs) in Norwegian waters and one on harmful algae bloom in the future 
along the Norwegian coast, which are further described below.

Meetings between researchers and users in the consortium 
During 2025, we have had two node meetings, one in January and one in August, as part 
of the Climate Futures Annual Meeting. The latter was also held jointly with the Shipping 
node. Two focus areas in the aquaculture node are on understanding and prediction of 
high biomass blooms (e.g., harmful algae blooms) and marine heatwaves (MHW), and the 
aim with the node meetings are to update each other on ongoing activity and to increase 
collaboration.

Characteristics of marine heat waves
In the node, there is a large focus on marine heat waves, what causes them, what are 
their impacts and can we predict them. This year, work has been ongoing in describing 
the characteristics and drivers of marine heatwaves around Svalbard. Here, we investigate 
MHW trends around Svalbard at the surface and subsurface, using a regional reanalysis 
from TOPAZ (1991–2022). We find an increase in the frequency and duration of MHW 
events around the Svalbard Archipelago over the last decade. Analysis of eight individual 
summer (June–September) MHW events lasting longer than 10 days west of Svalbard, 
indicated the presence of four shallow (≤50 m) and four deep (>50 m) MHWs after 
2010, with a mean duration of 29 days. Heat budget analysis demonstrated a greater 
contribution of ocean heat transport compared to air-sea heat fluxes in driving the MHW 
events. This new understanding of MHW characteristics, including their horizontal and 
vertical distribution, is key to assessing ecological impacts. This work has been accepted for 
publication (Williams-Kerslake et al, 2026)

Norwegian fish farm. Photo: #93865/Colourbox 
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salinity ranges and has no effect on increasing the blooms. In a 3 °C warmer world, the 
blooms of D. acuta might increase by 50% and A. tamarense complex reduce by 40% 
along the Norwegian coast. Therefore, humans and wildlife are likely to become more 
exposed to diarrheic toxins and less to paralytic toxins.

Proposal activity
A new project was funded in 2025, Vibriowave, which is led by IMR and with NERSC and 
SNF as of the partners. The project focuses on the societal impact of a future increase 
of Vibrio bacteria prevalence along the Norwegian coast, which can pose a substantial 
challenge to governments, seafood industry and public health. Furthermore, we have 
been active in seeking funding to strengthen the research on prediction of marine 
heatwaves and to increase the collaboration with stakeholders such as the aquaculture 
industry and fisheries. 

In addition to the research being done in the node, we have been present in the media 
and popular science platforms, and presented our research throughout the year on 
various events, from scientific conferences (e.g., Arctic Frontiers, EGU) to stakeholders’ 
meetings, such as:
•	 Invited to talk at Stiim Aqua Cluster’s Conference for aquaculture. Talk about 

increased temperatures and marine heatwaves (January 8, 2025)
•	 Invited to talk at the Pharmaq conference on future fish health: ‘Fremtidens 

fiskehelse: Innsikt, innovasjon og handling’. Talk about prediction of marine 
heatwaves in Norwegian waters  (August 19, 2025)

•	 Invited to talk at the SAIC WORKSHOP: Climate-ready salmon aquaculture - 
Strategies for the future. Talk about marine heatwaves and aquaculture (November 
5, 2025)

•	 Invited to give a presentation at the Directorates of Fisheries (in Bergen) about 
drivers and prediction of marine heatwaves in Norwegian waters. (December 5, 
2025)

The 2024 marine heatwave outside northern Norway
Work has also been done on investigating the drivers of the intense and long-lasting 
marine heatwave in 2024 outside northern Norway, which caused a large increase 
in salmon lice (Gonzalez et al., 2025). In August 2024, northern Norway experienced 
one of its most intense marine heatwaves on record, with sea surface temperatures 
exceeding 18 °C—more than 4 °C above the long-term average. This event contributed 
to an unprecedented salmon lice outbreak at aquaculture sites, causing increased fish 
mortality and economic losses. Here we use numerical ocean model hindcast data, 
atmospheric reanalysis data, and in situ observations to identify the factors behind 
this event. Local weather conditions, including high solar radiation, unusually warm 
air temperatures, and weak winds, caused increased heat transfer to the sea surface 
and reduced ocean mixing. Additionally, large-scale atmospheric pressure patterns 
intensified warm air advection and freshwater transport along the coast, reinforcing local 
stratification and warming. These findings highlight the importance of advancing regional 
marine heatwave forecasting to support fisheries and aquaculture resilience under a 
warming climate.

Workshop on prediction of marine heatwaves with stakeholders 
In September 2025, we had an exciting 1-day workshop on prediction of marine 
heatwaves, where we invited in relevant stakeholders. The meeting gathered academic 
partners (NERSC, NORCE, IMR, MET, Nofima) and stakeholder from fisheries and 
aquaculture and discussed on the impact and prediction of marine heatwaves in 
Norwegian waters. The workshop was held in Bergen, at the Nansen Center, with 20+ 
participants, and stakeholders were from the Directorate of Fisheries, Grieg Seafood, 
Blue Planet, Utror, Cargill, and Aqua Kompetanse. Several were interested in the 
seasonal prediction of marine heatwaves and to continue joining similar workshops for 
the following year.

Harmful algae bloom in future climate scenarios along the Norwegian coastal region
Harmful algal blooms contaminate seafood with toxins and poison humans and wildlife 
upon consumption. In a paper (Silva et al, 2025), we assess the frequency of harmful 
algal blooms in a future warmer world, we use climate models, 14 years of observations 
and probabilistic models of toxic algae. The warmer ocean temperatures increase the 
blooms in spring and autumn. However, the blooms reduce in summer as surface waters 
become excessively warm. Freshening reduces the blooms of species confined to high 
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Renewable energy
Innovation area leader: Lea Svendsen

In the Renewable Energy node, the goal is to develop 
improved and more localized climate predictions for 
relevant decision-making processes related to the 
sector. Skilful forecasts are needed to better plan 
energy production and infrastructure. For example, 
skilful precipitation and drought predictions beyond the 
next few days can improve planning for hydropower 
production. Similarly, models that provide realistic, 
long-term scenarios that take low-frequency decadal 
climate variability into account can be used to make 
knowledge-based infrastructure investments. In 
addition, both the wind- and solar power sectors 
require long-term climate projections to explore 
optimal locations for new installations as well as 
seasonal forecasts to plan maintenance during periods 
of low production. 

In the node, we continually engage in regular dialogue 
to identify promising case studies and applications 
and identify new areas of joint interest. In 2025, the 
energy node met at Statkraft in January for a workshop 
focusing on hydropower to initiate new collaborations 
and facilitate new ideas. We have also contributed 
with presentations at several international conferences 
(e.g., EGU General Assembly), workshops (e.g., Open 
Workshop on Understanding and Predicting Annual to 
Multi-decadal Climate Variations (UPCLIV) and summer 
schools (e.g., ClimateNeutral, Bergen Summer Research 
School).

Hydrological predictions and projections 
Together with Småkraft, we continued the collaboration 
on predicting inflow at Småkraft’s hydropower plants. 
Over the past years, we created a modelling system that 
can produce skilful estimates of past inflow to any of 

Wind turbines in Haugesund. Photo: Eloy Martinez/Colourbox

Småkraft’s run-of-river hydropower plants in Norway, 
even where no prior observations exist. More generally, 
the model can provide relatively well-calibrated 
streamflow estimates for any given unregulated 
catchment. In 2025, the method was updated from 
using a conceptual hydrological model to using a 
machine-learning (ML) model that can leverage existing 
short records of power production to give even better 
calibrated estimates. At the same time, we have been 
testing a prototype inflow forecast using the conceptual 

hydrological model as a backbone and combining it 
with 21-day weather forecasts from Yr. This prototype 
runs operationally with daily updates, and its forecasts 
are shared with Småkraft’s data provider, who visualizes 
them for selected test sites in a planning tool that is 
available to the entire company. 

Within the PhD project of Kamilla Wergeland, Småkraft, 
NORCE and UiB have also been improving forecasts of 
next day hydropower production using similar ML-
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methods as above. These ML-methods not only improve forecast skill but, if used by 
the company, can provide an actual economic benefit by reducing imbalance costs 
and reducing risk exposure to extreme price variations. Together with Eviny, we are 
exploring the potential of the above-described ML-model to simulate inflow variability 
patterns in a specifically complex hydropower system in Vestlandet operated by Eviny.
Understanding water inflow is critical to modelling the performance of a hydroelectric 
plant. Recent observations have shown that hydroclimate in Norway is changing 
rapidly. Precipitation extremes and annual accumulated precipitation in recent years 
have been far beyond what has been observed in the past. Together with Å Energi 
we investigated future changes in precipitation variability and its implications for 
future hydropower production. We compared past daily rainfall across Norway with 
projected daily rainfall for 2030-2050 and connected this to changes in weather 
patterns. The findings show that future changes in rainfall are related to changes in 
rainfall associated with each weather pattern and changes in the weather patterns 
themselves. Understanding the present changes and quantifying future changes can 
guide future hydropower operations and infrastructure planning.

Together with Eviny, we have initiated a new collaboration to investigate if we can 
improve the knowledge base for decision-making on precipitation forecasts past 
2 weeks, by investigating how large scale global climatic patterns can influence 
subseasonal to seasonal predictions of precipitation over western Norway. 

Outside of Norway and Europe, we have a focus on South America together with 
Statkraft. A paper describing future projections of streamflow and hydropower in 
Brazil was published (Scheurer et al. 2025), where we developed a linear regression 
model for streamflow based on the connection with precipitation and temperature. 
The findings show a future trend of reduced streamflow over northern, north-eastern, 
central, and south-eastern Brazil, especially for the austral spring and summer season. 
In southern Brazil, an increase in streamflow is expected. This can be used to estimate 
long term trends in hydropower production in Brazil. The original pilot project was 
followed up in 2025 to adapt and test this methodology for catchments of interest 
to Statkraft in Peru. We have also engaged in further research on understanding 
what will control future change in precipitation in Brazil in addition to increasing 
greenhouse gas emissions (Vielda et al. 2025), where we find that the state of the 
Atlantic Ocean strongly modifies the present and future precipitation trends in Brazil. 

Wind Power Potential
The Norwegian government aims to install offshore wind power with a total capacity of 
30 gigawatts by 2040, and the Norwegian Water Resources and Energy Directorate (NVE) 
has suggested twenty candidate regions. In 2025, we published a paper on the optimal 
allocation of these 30 GW of offshore wind power (Hølleland et al. 2025) to complement 
the suggestions by NVE by looking at the potential for minimizing the power production 
variance across the regions through a sequential build-out strategy. Furthermore, two 
master’s students at NHH together with NHH made a spatial multi-criteria decision analysis 
for locating onshore wind farm sitings in western Norway. With this new tool, identifying 
new areas for onshore wind park can be automated taking into consideration both physical 
and societal aspects for finding optimal locations.

Wind speeds exhibit substantial variability on different timescales. We have been 
investigating trends in weather types causing extremes in European wind (and solar) 
energy production in the recent past compared to the near (next 5-10 years) and far future 
(until 2050). These weather types strongly influence local wind conditions over Northern 
Europe. This will be followed up by a master student who will investigate how different 
weather types influence wind power potential around Norway and how this might change 
in the near future.

In collaboration with Statkraft, we have also studied the natural variation in wind speed 
on time scales ranging from interannual to several decades. This year we have worked on 
developing an approach to generate skilful multi-decadal predictions of winds over Europe 
by synchronizing the multi-decadal variability of the North Atlantic Oscillation (NAO)—the 
key driver of wind variability in the North Atlantic sector—between observations and 
climate model simulations. The approach offers a cost-effective pathway to multi-decadal 
climate predictions, delivering actionable insights for wind energy planning and investment 
for actors in the renewable energy sector. A master’s student under joint supervision 
between UiB, NORCE and Statkraft has also been recruited to contribute to this research.
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Resilient societies
Innovation area leader: Endre Kildal Iversen

The Resilient Societies node focuses on how private and 
public actors can utilize climate information, ranging from 
short-term weather predictions to long-term climate 
projections, to make better decisions in the face of 
increasing climate risks. Successful integration of climate 
information into decision-making can enhance the 
resilience and sustainability of both individual stakeholders 
and society at large. 

In the insurance and financial markets, the impact of 
climate risk, evident through extreme weather events 
and transition risks, has led many of our partners to seek 
innovative ways to manage it. Significant collaboration 
in Resilient Societies occurs across public institutions, 
academia, and the private sector, focusing on climate risk, 
insurance, and energy.
Tryg remains one of the most active partners in the node. 
Data-sharing from Tryg has given researchers access to 
claims data for scientific analysis. This has led to several 
initiatives and publications. 

Yue Shi successfully defended her PhD thesis at NHH on 
24 April 2025. Her research uses high-resolution historical 
weather data from the Norwegian Meteorological Institute 
combined with Tryg’s insurance dataset, documenting 
increasing risks of water damage and significant 
geographical variation across Norway, with implications 
for how insurers should price and adjust premiums. One of 
the papers included in her thesis “Insurance in a Changing 
Climate: A Retrospective Study of Water-Related Claims 
and Pricing Strategies in Norway” was submitted in 2025. 

Researchers from NORCE and NHH submitted a paper 
to Natural Hazards and Earth System Sciences on the 
prediction of short-term insurance claims using weather 
forecasts. The paper assessed both the skill of weather 
predictions and their value for decision-making, applying a 
cost-loss framework adapted from meteorology. Master’s 

theses drawing on these data were also submitted and 
accepted. A new pilot project has been launched to 
test the behavioural effects of weather warnings on 
insurance-related decisions using a serious game together 
with Meteorological Institute. Researchers from Climate 
Futures presented at Tryg’s Climate Forum throughout 
the year.

NORCE is currently engaged in three pilot projects in 
collaboration with Tryg. The first project aims to quantify 
the relationship between historical insurance claims and 
adverse weather conditions, while also developing an 
operational system to automatically classify incoming 
daily claims as weather-related or not. The second 
pilot focuses on assessing the accuracy of weather 
warnings issued by Norwegian Meteorological Institute 
in predicting insurance-related claims. These warnings 
are presently used to inform Tryg’s customers, and the 
project seeks to establish a baseline for an enhanced 
warning system that emphasizes damage potential 

rather than relying solely on hazard information. The 
third pilot, led by Norwegian School of Economics with 
support from NORCE, aims to develop a statistical model 
that translates decadal climate forecasts into predictions 
of insurance risk over a 1 to 5 years horizon.

In addition to these pilot projects, NORCE contributes to 
Tryg’s ongoing operations through regular engagement 
with its climate excellence team. This includes weekly 
discussions that provide scientific input, support ongoing 
analyses and projects, and strengthen weather and 
climate expertise within the organization.

NVE has become an official partner in Climate Futures 
and is now active across multiple nodes, including 
Resilient Societies. They are participating in a stated 
preference valuation survey on flooding risks in Voss, the 
results of which are intended to inform their cost-benefit 
analyses, with the methodology designed for reuse in 
future surveys elsewhere. NVE is also co-developing a 

Innovation area leader Endre Kildal Iversen. Photo: Katrine Jaklin/NORCE
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research proposal on the socioeconomic costs of natural hazards and 
efficient climate adaptation, together with SNF, NMBU, MET, and NORCE. 
Work on the early warning system (traffic light) for flooding, led by the 
County Governor of Østfold, Buskerud, Oslo, and Akershus, continues in 
2025.

KLP remains an active partner in the node. SNF and KLP are co-authoring 
a scientific literature review on the use of climate information in finance. 
Plans are underway for SNF, NHH, and KLP to design a survey on investor 
green preferences. In addition, SNF and NHH, together with the non-
profit Ecomap, have published a website and database where carbon 
emissions for globally listed firms are calculated, providing a transparent 
approach to climate accounting.

A cross-cutting theme emerging across several projects in the node is 
the value and impact of information. SNF and NHH are collaborating on 
research into how information affects decision-making in the context 
of climate risk. The Norwegian Meteorological Institute has conducted 
surveys to map the effects of their weather warnings on public 
behaviour, while Tryg is running a pilot project analysing the behavioural 
impact of their own warnings. The role of warnings and their effects also 
feature in several research proposals being developed collaboratively by 
Climate Futures partners.

A new project involving Safetec, NORCE, and SNF has been initiated, 
mapping and analysing Norwegian municipalities’ climate vulnerability 
reports. The objective is to understand how climate change information 
is presented and used in local planning processes. Our central academic 
partners, SNF and NHH, continue to contribute across co-supervision, 
data analysis, publication, and proposal development, while NORCE 
remains a key institutional collaborator across multiple Resilient Societies 
projects.

Annual meeting discussions. Photo: Katrine Jaklin/NORCE
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Cross Cutting Projects

Delivering skilful climate predictions is about more than 
just crunching numbers; it requires a constant tug-of-war 
between pushing model boundaries and finding smarter 
ways to extract meaningful signals from the noise. Our 
mission remains focused on bridging this gap: ensuring 
that the complex physics of our planet translates into 
actionable insights for decision-making.

In 2025, our group co-authored two companion papers 
(Dunn-Sigouin et al., 2025; Keane et al., 2025) that dealt 
with a fundamental, yet often overlooked, “identity crisis” 
in climate modelling: the friction between precision 
and accuracy. We’ve found that while we’re technically 
capable of producing forecasts at fine spatial scales, 
these “high definition” views are often more precise than 
they are accurate. By adapting the Fractions Skill Score, 
we’ve demonstrated that by intentionally stepping back, 
aggregating data to coarser scales, we can unlock higher 
accuracy and extend predictable lead times. This trade-
off is deeply rooted in the physics of our atmosphere; 
for instance, we’ve identified a crossover point around 
the 5–7-day mark where mid-latitude models lose their 
small-scale edge, while tropical systems begin to find their 
stride through larger-scale oceanic influences. Whether 
we are using traditional physics-based models or the latest 
machine learning architectures, the message is clear: more 
data isn’t always better data. To provide truly actionable 
information, we need to stop chasing the grid scale and 
start focusing on the predictable scale.

This philosophy of “actionable honesty” is currently being 
put to the test as MET Norway in September 2025 started 
disseminating seasonal forecasts on a monthly basis. While 
the data is now flowing, we remain wary of pushing these 
forecasts through our most high-traffic public channels, 
such as Yr. The reality is that seasonal skill remains limited, 
and there is a persistent risk of misinterpretation. For 
example, forecast anomalies are currently almost always 

“on the warm side”. This is not necessarily because every 
month will be a heatwave, but because of the powerful 
warming trend that has occurred since the models’ 
reference period. To address this, we have established a 
working group to tackle these communication hurdles. 
We are currently weighing up difficult questions: Should 
we detrend the data to highlight year-to-year variability 
and refer to today’s warmer climate? Should we display 
skill maps to show users where the model can (and 
cannot) be trusted? Our goal is to stay transparent with 
the public without overpromising what the science can 
deliver.

The Norwegian Climate Prediction Model (NorCPM) 
remains the engine of our research, and 2025 marked 
a year of significant technical evolution. We have 
successfully boosted our capacity for sea-ice thickness 
and daily ocean initialisation, ensuring our starting 
points are more robust than ever. To future-proof our 
system, we have transitioned our ocean temperature and 
sea-ice data sources from NOAA to Copernicus (OSTIA), 
mitigating the risk of potential data decommissioning. We 
are also in the midst of a major hardware and software 
upgrade, migrating the system to a higher-resolution 
foundation based on NorESM2-MM. Perhaps most 
excitingly, we are now “live” on the global stage: NorCPM 
decadal predictions are officially available on the C3S 
portal, contributing to the Copernicus Decadal Prediction 
Tender.

Beyond the core model, we are rethinking forecast 
rhythms. We have developed new statistical methods 
to update forecasts between monthly production 
cycles; a technique that has proven particularly sharp 
for sea surface temperature predictions. Our leap into 
the future continues through a heavy investment in 
machine learning. In a broad-reaching collaboration with 
NORCE, UiB, the Norwegian Computing Center, and the 

Meteorological Institute, we are currently embedding 
AI-weather forecasting components directly into the 
NorCPM atmospheric framework. This hybrid approach 
aims to combine the reliability of physics with the speed 
and pattern-recognition of AI, ensuring our research 
stays at the cutting edge.

Centre coordinator Iselin Medhaug. Photo: Katrine Jaklin/NORCE
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Several of our industry partners have a strong global 
presence, which will ensure widespread dissemination 
of ideas and knowledge. For example: Statkraft operates 
in Europe, South America and Asia, and shipping 
company partners G2 Ocean and Western Bulk also 
have international organizations and operate their 
fleets globally. We also have researchers with large 
international networks in the centre. We utilize the 
global aspects of the consortium to develop targeted 
products, strengthen science-industry links, and provide 
students with international experience, expanded 
networks and transferrable skills. We are already 
including some of the staff from these global offices to 
ensure local knowledge in the ongoing projects with a 
focus on regional areas outside of Europe.

ACACIA and WMO’s Early Warnings for All 
Erik Kolstad, our chief scientist, leads the EU Horizon 
Europe project ACACIA. The ACACIA project provides 
significant value to Climate Futures by strengthening its 
international engagement and applied climate services 
research. ACACIA’s focus on co-developing forecast-
based decision-support tools for disaster risk reduction 
aligns with Climate Futures’ mission of bridging the 
gap between climate science and societal needs. The 
project offers unique opportunities for collaboration 
with African partners, testing methodologies in highly 
climate-vulnerable regions, and bringing back insights 
that can inform climate adaptation strategies in Norway 
and beyond. ACACIA enhances Climate Futures’ visibility 
in global climate services discussions, reinforcing its role 
as a key player in international climate resilience efforts.

Additionally, Erik Kolstad is a member of WMO’s Task 
Team for the Early Warnings for All initiative, which rather 
ambitiously aims to ensure that everyone on Earth is 
protected by early warning systems by 2027. His role 
involves contributing expertise on climate predictions and 
forecast usability, particularly in translating sub-seasonal 
to seasonal forecasts into actionable early warning 
information. Through this work, he helps bridge the gap 
between scientific forecasting capabilities and real-world 
decision-making, supporting global efforts to enhance 
disaster preparedness and climate resilience.

Centre for Annual to Decadal Climate Prediction 
(https://hadleyserver.metoffice.gov.uk/wmolc/) is a 
centre led by WMO that annually publishes a status 
report for climate predictions for 1-5 years ahead based 
on simulations from 12 different modelling centers 
around the world. The Norwegian climate prediction 
model, NorCPM, which is further developed as part 
of Climate Futures, is one of these climate prediction 
models. This means that we can both compare our 
simulations with the simulations of other modelling 
centers and contribute to the visibility and dissemination 
of information to stakeholders and the general public. 

Through this collaboration, the NorCPM data is also set 
up according to international standards to make the 
data easier to compare, and the goal is that all the data 
that contributes to this collaboration will be made freely 
available through the Copernicus Climate Data Store 
(C3S), where the seasonal forecasts from various data 
centres today are collected and made available.

International cooperation 
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Impetus4Change (I4C) – “Improving near-term climate 
predictions for social transformation”
I4C is a EU project (Horizon Europa) where climate, city 
and social experts work together to improve the quality 
and accessibility of climate information in cities and 
regions. I4C is coordinated from NORCE and is led by 
Stefan Sobolowski, who until summer 2022 led WP2 in 
Climate Futures. This project is a spinoff-project from 
Climate Futures and there are large synergies between 
us and the international consortium in I4C. 

COST Action network - ANTICIPATE
We are a part of the EU funded COST Action network 
ANTICIPATE - “Extended-range multi-hazard predictions 
and early warnings”. ANTICIPATE started in October 2025 
and is funded for the period 2025-2029. Erik Kolstad, 
chief scientist in Climate Future, and former center 
director, was involved in writing the proposal for the 
action, Etienne Dunn-Sigouin who leads WP2 in Climate 
Futures, is one of the two national members for Norway 
in the “Management Committee” of this COST Action. 
The network is led from the University of Strathclyde, 
UK. ANTICIPATE will establish a pan-European network 
to drive progress in research, training, communication 
and use of early warning systems for complex risk events 
built on long-term weather forecasting. The network 
will explore operational extreme weather warnings 
up to 46 days ahead for the development of early 
warning systems and build bridges between time scales, 
incorporating the latest ‘multi-hazard’ approaches, 
and improving early warning and proactive action. The 
network aligns with many of Climate Futures scientific 
aims and provides the opportunity to join EU-wide 
applications and community led scientific papers.

Collaboration with the Panama Canal Authority
A project in the centre focusing on predicting the waiting 
time for ships to cross the Panama Canal, headed by 
Gabriel Fuentes (NHH), led to a spin-off project together 
with the Panama Canal Authority. This spin-off project 
explores the prospects of green shipping corridors, 
building on the recognition of the Panama Canal as a 
critical chokepoint exposed to climate risk. The project 
investigates how climate variability—particularly 
droughts linked to ENSO phenomena—affects maritime 
traffic, alters trade dynamics, and generates significant 
economic impacts, especially for Small Island Developing 
States and other vulnerable economies. This work will 
contribute to establishing a benchmark for measuring 
business-as-usual risks and inform the development of 
climate-resilient and low-emission shipping strategies.

Scientific Advisory Committee (SAC) – Instead of having 
a permanent committee that continuously evaluates the 
centre, we plan on having a dynamic SAC. Since Climate 
Futures touches on many topics and research areas, we 
want to draw on experiences from other centers around 
the world to cover the breadth, where we can go on 
study trips and invite key people from there so that more 
people in the center can learn from the exchange.
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Recruitment and completed theses 

During 2025, a total of 167 participants from the 36 
partners have been involved in activities in the center. In 
addition to the current participants, several hires were 
made during 2025 to both strengthen the research and 
coordination efforts. 

With the inclusion of NVE in the consortium, two 
researchers were actively involved from there. One 
researcher and one postdoc from the University of Bergen 
joined the center in 2025. The postdoc will only start up 1. 
January 2026. 

During the year, several external scientists have 
contributed to the research in the center; one intern 
visiting from École Normale Supérieure, Université Paris 
PSL visiting NORCE for six months, one PhD student from 
Oxford University visiting NORCE for eight weeks, one PhD 
student from Charles University, Czech Republic, being 
involved for most of the year through collaborations with 
SNF, and one summer student at NCC. This strengthens 
the research capacity for all innovation areas. 

In 2025, one PhD thesis and eight master’s theses, 
including 14 students, were completed.  Congratulations 
to our completed master’s students and PhD candidates.

Completed PhD theses

Yue Shi 
Philosophiae Doctor (PhD), Norwegian School of 
Economics (NHH)
Thesis title: “Statistical modeling of climate risk in home 
insurance claims”
Supervised by Geir Drage Berentsen and Håkon Otneim

Completed master’s theses

Filip Selstad
MSc in Energy, University of Bergen
Thesis title: “Future changes in precipitation variability 
and implications for hydropower in Norway”
Supervised by Lea Svendsen

Martin Kleppe and Oliver Karlsen
MSc in Economics and Business Administration, Business 
Analytics & Energy, Natural Resources and Environment, 
Norwegian School of Economics (NHH)
Thesis title: “Vessel Heading Optimization - A techno-
economic optimization of vessel heading for energy-
efficient dynamic positioning of Offshore Support Vessels”
Supervised by Gabriel Fuentes

Andrei Bystrov and Matilde Gagné 
MSc in Economics and Business Administration, Energy, 
Natural Resources and the Environment, Norwegian 
School of Economics (NHH)
Thesis title: “Climate-Induced Constraints on Maritime 
Logistics: Estimating the Economic and Operational 
Impact of El Niño on Panama Canal Bulk Carrier Traffic 
(2023–2024)”
Supervised by Julie Paquette and Gabriel Fuentes

Yue Shi completed her PhD at NHH.
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Completed Internships and short research visits 

Émile Sauvat from École Normale Supérieure, Université 
Paris PSL, France
Project: Assessing the return period of low-likelihood 
events like storm Hans using the UNSEEN method.
Supervised by Sigrid Passano Hellan, Etienne Dunn-Sigouin 
and Erik Kolstad

Eivind Hjertholm 
Project: Using an LSTM for modelling river flow under 
climate change
Supervised by Silius M. Vandeskog

Rebecca Simpson from Wadham College, University of 
Oxford
Project: Exploring bias correction methods in subseasonal 
forecasts for use in the UNSEEN method
Supervised by Sigrid Passano Hellan, Etienne Dunn-Sigouin 
and Erik Kolstad

 

Johanne Skjævestad
MSc in Economics and Business Administration, Energy, 
Natural Resources and the Environment, Norwegian School 
of Economics (NHH).
Thesis title: “Empirical Analysis of the Demand for Extreme 
Weather Insurance - The impact of subjective and objective 
factors on insurance demand”
Supervised by Endre Kildal Iversen

Jerlow Lytomt Jacobsen & Oscar Henriksen Gussiås
MSc in Economics and Business Administration, Natural 
Resources and the Environment, Norwegian School of 
Economics (NHH).
Thesis title: “Onshore Wind Farm Siting in Vestland: A 
Spatial Multi-Criteria Decision Analysis”
Supervised by Geir Drage Berentsen

Andreas Haugen and Erlend Austegard Lie
Master thesis in Economics and Business Administration, 
Business Analytics & Financial Economics, Norwegian 
School of Economics (NHH).
Thesis title: Decadal Climate Predictions for Insurance 
Analytics
Supervised by Håkon Otneim

Mathias Brueland Andersen and Mikkel Valentin Lunde-
Svendsen
MSc in Energy, Natural Resources, and the Environment, 
and Business Analytics, Norwegian School of Economics 
(NHH).
Thesis title: In-port Fuel Consumption and the Technical 
Potential of Onshore Power Supply in Dry-Bulk Shipping
Supervised by Haiying Jia

Erlend Høllen Sjøen and Eirik Stray Spetalen
MSc in Economics and Business Administration, Business 
Analytics & Financial Economics, Norwegian School of 
Economics (NHH).
Thesis title: “How do extreme temperatures affect total 
port time?”
Supervised by Haiying Jia and Zhenming Wu
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Communications and dissemination activities

Erik Kolstad is a columnist in “Energi og Klima” 
Screenshot: Energi og Klima

Climate Futures have a large network of partners 
we utilize in communicating and disseminating 
information. We frequently use media platforms, 
such as LinkedIn, in addition to our own home page 
for this work. Articles are posted on the website 
several times per month. 

Each year we invite the entire consortium to an an-
nual meeting, where ongoing research is present-
ed, keynote speakers are invited, topics relevant to 
the consortium are discussed and with ample time 
for mingling and discussion between the members. 
The meeting was this year hosted by Tryg, with 
the topics covering preparedness, insurance and 
shipping.

To increase the visibility of the centre, we orga-
nize and participate in public events. In 2025, we 
organizing the event “The normal is dead. Now 
What?” at the Varmere Våtere Villere climate fes-
tival, where the focus was on the rapidly changing 
climate leading to the new “normal climate” which 
is “change”, which we all need to adapt to. Sev-
eral of the centre partners also participated and 
organized own events and debates at the festival. 
In addition, several of the researchers in the centre 
have given both popular science and scientific pre-
sentations to the public about the activities in the 
centre. Particularly the heat wave activity occurring 

in Norwegian waters the last years have resulted in 
a significant amount of both media attention and 
requests for presentations from the public and in-
dustry. In addition, the general outreach regarding 
publication of long-term forecasts lead to media 
attention. 

Our climate forecasts are reaching a wider audi-
ence through media coverage and klimavarsling.
no, which had nearly 50,000 views and more than 
30,000 unique visitors in 2025. Many journalists 
subscribe, leading to significant press coverage. We 
published 25 articles on LinkedIn.

Podcasts and videos 

•	 Norway’s Marine Heatwave: What the Experts 
Are Seeing (Helene R. Langehaug i podcasten 
“Fish n’ Bits - The Aquaculture Data Intelli-
gence Podcast”, 12. May 2025)

•	 Økt temperatur og morgendagens miljøutfor-
dringer. Hvordan møte morgendagens en-
dringer?  (Helene R. Langehaug at Stiim Aqua 
Cluster, 8. January 2025)
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Media
•	 Liker du kald og hvit vinter, vil du like denne spådommen (Nettavisen, 3. November 2025)
•	 Kan bli isvinter i Norge (Dagbladet, 1. November 2025)
•	 Kan bli ordentlig kaldt (Dagbladet.no, 31. October 2025)
•	 Økt sjanse for hvit jul (Bergens Tidene, 30. Cctober 2025)
•	 Rekordvarmt hav førte til rekordmykje lakselus på Vestlandet (NRK, 11. September 2025)
•	 Derfor er det rødt (Dagbladet, 16. May 2025)
•	 Europa må lære seg å «leve med skogbrann (Energi og Klima, 21. May 2025)
•	 Bondens kunnskap gir oss matnyttig værmelding, (Meteorologisk Institutt, 20. May 2025)
•	 Ekstremnedbør gir økt risiko – men modellene henger etter (NHH bulletin, 23. April 2025)
•	 – Kan gi store utfordringer for havbruket (Kyst.no, 15. April 2025)
•	 Universitetet i Bergen tildeles prestisjefylt forskerskole (UiB, 10. April 2025)
•	 NHO-topp: Staten bør vera i front med å setja pengar i uavhengig forskingsfond (Khrono, 

31. March 2025)
•	 Varsler tidlig vårfølelse: – Hele Europa skiller seg ut (VG Nett, 22. February 2025) 
•	 Økende bekymringer for endringer i store klimasystemer (Energi og Klima, 5. February 2025)
•	 Økende havtemperaturer krever nye løsninger (Kyst.no, 3. February 2025)
•	 Ingen kulde i sikte: – Skjelden (Dagbladet, 29. January 2025) 
•	 Økende havtemperaturer krever nye løsninger (Norsk Fiskeoppdrett, 28. January 2025) 
•	 Ingen kulde i sikte: Prognosene viser uvanlig varme framover til godt inn i begynnelsen av 

mars (Trønder-Avisa, 26. January 2025) 

Own contributions - blog post
•	 Så kom endelig vinteren (Erik Kolstad, Energi og Klima, 30. December 2025)
•	 Hva skjer med været? (Erik Kolstad, Energi og Klima, 16. December 2025)
•	 Sannsynlig med tidlig kuldeperiode neste uke (Erik Kolstad, Energi og Klima, 10. November 

2025)
•	 Bevegelse mot tidlig stratosfærisk oppvarming (Erik Kolstad, Energi og Klima, 4. November 

2025)
•	 Blir det en kald vinter (Erik Kolstad, Energi og Klima, 22. Oktober 2025)
•	 Hva er forskjellen på en hetebølge på land og en hetebølge i havet? (Helene R. Langehaug, 

Forskersonen.no, 24. July 2025)
•	 Sommervarsel – og et historisk perspektiv (Erik Kolstad, Energi og Klima, 13. May 2025)
•	 Pause i mildværet (Erik Kolstad, Energi og Klima, 13. February 2025.
•	 Uvanlig tydelig signal: Ingen kulde i sikte (Erik Kolstad, Energi og Klima, 23. January 2025)

Helene R. Langehaug’s article in “Forskersonen” 
Screenshot: forskning.no
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hosted by Tryg in Bergen. Photo by Katrine Jaklin/NORCE
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Personnel *per 01.12.2025

 
Centre administration
Øyvind Paasche NORCE Centre Director

Iselin Medhaug NORCE Coordinator

Boris Konan NORCE Controller

Katrine Jaklin NORCE Communication

Suet Chan NORCE Web development

Key researchers in the centre (research domain leader in bold)
Name Institution Main research area

WP1: Climate Prediction

Lea Svendsen University of Bergen Climate prediction

Francois Counillon NERSC Climate prediction

Noel Keenlyside University of Bergen Climate prediction

Ingo Bethke University of Bergen Climate prediction

Helene R. Langehaug NERSC Ocean modelling, head of innovation area: Aquaculture

Edson Silva NERSC Prediction of harmful algal blooms

Shunya Koseki University of Bergen Climate prediction

 
WP2: Resolving local scales 

Etienne Dunn-Sigouin NORCE Regionalization of climate data and forecasts

Erik Kolstad NORCE Seasonal prediction, Chief scientist

Ole Wulff NORCE Climate predictions and renewable energy

Sigrid Passano Hellan NORCE Machine learning

 
WP3: Data integration

Jørn Kristiansen MET User-oriented post-processing, data dissemination

Lonneke van Bijsterveldt MET User-oriented post-processing, data dissemination

Asgeir Sorteberg University of Bergen Forecast verification
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Key researchers in the centre (research domain leader in bold)

Name Institution Main research area

WP4: Climate impacts on markets and communities

Alex Lenkoski NCC Statistics, Machine learning
Head of innovation area: Renewable Energy

Silius Vandeskog NCC Statistics, Machine learning

Nora Aasen* NCC Statistics, Machine learning

Michael Scheuerer NCC Statistics, Machine learning

Thea Roksvåg NCC Statistics, Machine learning

Ingrid Dæhlen NCC Statistics, Machine learning

Ingunn F. Tvete NCC Statistics, Machine learning

Michael W. Madsen NVE Economics

Kolbjørn Engeland NVE Hydrology

 
WP5: Climate risk management in organizations

Haiying Jia NHH Shipping 
Head of innovation area: Smart Shipping

Geir Drage Berentsen NHH Statistics, insurance, wind power

Håkon Otneim NHH Statistics, insurance, wind power

Kristine Grimsrud SSB Environmental, resource and energy economics

Linda Nøstbakken SSB Environmental, resource and energy economics

Bente Halvorsen SSB Environmental, resource and energy economics

Catrine Hagem SSB Environmental, resource and energy economics

Anders Dugstad SSB Environmental and resource economics

Margrethe Aanesen SNF Perception of climate risk, economics

Endre Kildal Iversen SNF Resource economics
Head of innovation area: Resilient societies

Zhenming Wu SNF Shipping

Vit Prochazka SNF/abroad Shipping

*Researcher in the centre for most of the year

WP6: Co-production of new solutions

Anders Doksæter Sivle MET Social science, meteorology, co-production

Jelmer Jeuring MET Social science, environmental psychology, risk 
communication

Ingrid Vigna MET Serious games

Camilla Garshol Albertsen MET Serious games

Aslaug Valved MET Social science, co-production, user engagement 
Meteorology, NWP, user-oriented post-process-
ing, data dissemination

Postdoctoral researchers working in the center
Roberto Suarez Moreno (2021-2025) University of Bergen

Gabriel Moises Fuentes (2023-2026) NHH

Sondre Hølleland (2023-2026) NHH

Silvana Gonzalez (2024-2027) Institute of Marine Research

Temesgen Gebremariam Asfaw (2026-2027) University of Bergen

PhD candidates working in the center
Manuel Hempel (2021-2026) NORCE

Vegard Enerstvedt (2023-2026) NHH

Hsin-Yu Chu (2023-2026) University of Bergen

Marianne Williams-Kerslake (2024-2026) NERSC

Inger Kristin Nesbø Gjøsæter (2024-2028) University of Bergen

Kamilla Wergeland (2024-2028) Småkraft

Harald Straume (2024-2028) NHH
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Annual accounts 2025

Funding (1000 NOK) Amount
Research council 13 216
The host institute (NORCE) 4 578
Research partners 6 783
Industry partners 9 029
Public partners 1 587
Total 35 193

Costs (1000 NOK) Amount
The host institute (NORCE) 9 936
Research partners 19 666
Industry partners 4 904
Public partners 687
Equipment 0
Total 35 193

The total budget of Climate Futures SFI is 230 mill NOK over 8 years.
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