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What is  
Coupled Model Intercomparison Project (CMIP)? 

• A project led by WCRP’s working group of coupled modelling 
(WGCM) 

• Coordinated climate model experiments involving in multiple 
modelling teams worldwide since 1995 

• Objective:  
– To design coordinated global simulations of the coupled climate 

system and make available a wide range of model output to advance 
understanding of past, present, and future climate variability and 
change of the Earth system 

• Defines common experiment protocols, forcings, output 
formats and standards 

• CMIP simulations regularly assessed as part of the IPCC Climate 
Assessment Reports and various national assessments. But 
CMIP is not done for the IPCC, or run by the IPCC 

• Developed in phases, currently phase 6 (CMIP6) 



A brief history of CMIP 
CMIP 
1996 - 

CMIP2 
1997 - 

CMIP3 
(2005-2006) 

CMIP5 
(2010-2011) 

CMIP6 
(2017-2020) 

Number of 
experiments 

1 2 12 110 ? 

Experiment 
description 

present-
day ctrl 

pd-ctrl & 
1pctCO2 
 

Ctrl & 20C & 21C-
SRES & AMIP & 
idealized CO2 

Near- and long- 
term, core + tier 
1 + tier 2 

DECK + 
historical run 
& 21 MIPs 

Centres 
participating  

16 18 17 24 32 

# of distinct 
models 

19 24 25 63 Many model 
versions, 
more with 
higher res. 

Total dataset 
size 

1 GB 500 GB 40 TB 2-3 PB ~10 PB 

Source: http://www.easterbrook.ca/steve/2012/04/some-cmip5-statistics/ 
 Stouffer, 2015: A retrospective look at CMIP5  
 Eyring et al, 2017: Overview of CMIP6 experiment design and organization 

• More than 1000 CMIP5  acticle recorded in  the CMIP website as of Oct. 2015 
• ~45% of climate research papers published in 2016 in J. of Clim. explicitly cite CMIP5 

http://www.easterbrook.ca/steve/2012/04/some-cmip5-statistics/
http://www.easterbrook.ca/steve/2012/04/some-cmip5-statistics/
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• Climate models have been 
improved over time. 

• CMIP5 appears to be a 
“better CMIP3” rather than a 
radically new ensemble. 

• Most models are strongly 
tied to their predecessors. 
Their strengths and 
weakness may partly passed 
on newer version. 

• EC-Earth is a young model 
with good performance 



Scientific gaps in CMIP5 
1. How does the Earth system respond to changes in forcing? 

Andrews et al. GRL 2012 

• Abrupt 4xCO2 experiment of 150 years 
N == net radiative flux  at the top  
ΔT == global mean surface air temp. 
changes 

• Use to estimate the effective radiative forcing 
(ERF, ie., Intercept at ΔT=0 ), the climate 
feedback parameter (ie., the slope ), and the 
equilibrium climate sensitivity (ECS)  
 

• Large difference in estimates of ERF, and ECS 
among models 
 

 more detailed radiative  forcing calculations  
(eg., multiple  radiation runs during model 
integration)  - CFMIP and AerChemMIP 
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Scientific gaps in CMIP5 
2. What are the origin and consequence of systematic model biases?  

Long standing model biases 

• Double ITCZ – related to dry Amazon?  
• poor simulation of tropical and subtropical low clouds  
• an overly deep tropical thermocline  in ocean 
• land surfaces too warm and too dry during summertime  
• position of the Southern Hemisphere atmospheric jet   
• … … 

IPCC AR5 



IPCC, WG-I, AR5  
Fig. TS.14  
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3. How can we access 

future changes 
given climate 
variability, 
predictability and 
uncertainty 



IPCC, WG-I, AR5  
Fig. TS.14 updated 

Scientific gaps in 
CMIP5 
3. How can we access 

future changes 
given climate 
variability, 
predictability and 
uncertainty 

• Natural variability: S/N ratios 
• Future scenarios 
• Decadal climate predictions: 

predict the “noise” and forcing 
signals 



Need for CMIP6: Scientific Focus 

• The specific experimental design is focused on three broad 
scientific questions:  
1. How does the Earth System respond to forcing?  
2. What are the origins and consequences of systematic model 

biases?  
3. How can we assess future climate changes given climate 

variability, predictability and uncertainties in scenarios?  

 
• The scientific backdrop for CMIP6 is the WCRP Grand 

Science Challenges: 
– Melting ice and global consequences 
– Clouds,  circulation and climate sensitivity 
– Carbon feedbacks in the climate system 
– Understanding and prediction weather and climate extremes 
– Water for the food baskets of the world 
– Regional sea-level change and coastal impacts 
– Near-term climate prediction 

 









Why CMIP? Why multi-model? 
 

̶  A statistic explanation 



CMIP3 – seasonal-cycle climatology 

global NHEX 

Global zonal 

Global eddy 

Tropics 

SHEX 

The advantage of multi-model ensemble 

• Relative error of CMIP3 and CMIP5 
models based on seasonal-cycle 
climatology (1980-2005) from the 
historical experiments. 

• The error measure is a space-time root-
mean-square error (RMSE) portrayed as 
a relative error by normalizing the result 
by the median error of all model results. 

• For example, a value of 0.20 indicates 
that a model's RMSE is 20 % larger than 
the median CMIP5 error for that 
variable, whereas a value of -0.20 
means the error is 20 % smaller than 
the median error. 

• The ensemble mea is often better 
than individual ensemble 
members, and the relative errors 
are about 30% smaller 

CMIP5 - global seasonal-cycle climatology 

Gleckler et al 2008 
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The relative ensemble error is often almost 
30% smaller then individual members 

“Observations “and 
“models” drawn from 
same distribution 

A simple example 

B. Christiansen, 2017: Ensemble averaging and the curse of dimensionality. Submitted to J. Clim., In review 

This is because of the 



Testing CMIP5 ensemble for seasonal cycle of SSTs 

17 CMIP5 models 

The relative ensemble error is often almost 
30% smaller then individual members 

B. Christiansen, 2017: Ensemble averaging and the curse of dimensionality. Submitted to J. Clim., In review 



Why CMIP? Why multi-model? 
 

̶  An example of dealing with 
uncertainty in future Arctic sea ice 

condition 



CMIP5 and sea ice projections 

IPCC AR5 



Selecting  
models 

Only look at a subset of 
models that match 
observed climatology 
and trends 

IPCC (2013) 

• solid lines – mean of 
selected models 

• dashed lines -  mean 
of all models  

CMIP5 CMIP3 

CMIP5 



Using relative change 

• A source for model spread comes from the large difference of 

the modelled baseline state. 

• This motivates inspections of  the relative changes of sea ice 

area (ΔSIA) rather than the absolute SIA. 

• Models seem to lie in the range of observed variability during 

the satellite era (1979-present) 



Combining all models and 
observations wrt. 1986-2005 

• 31 CMIP5 models 
• Historical, RCP4.5 & RCP8.5 

simulations  
⁺ HadISST/HadCRU4 

1. Are modelled and observed sea ice changes drawn from the same 
population? 

2. Are modelled and observed sea ice change wrt. Global mean temperature 
change (ΔSIA/ΔT) drawn from the same population? 

Observed 
period 



1. Are modelled and observed sea ice 
changes drawn from the same population? 

 

Kuiper test 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The observed period 

Month p 

January 0.133 

February 0.193 

March 0.373 

April 0.027* 

May 0.272 

June 0.758 

July 0.858 

August 0.121 

September 0.467 

October 0.300 

November 0.272 

December 0.229 

• The p values are 
larger than 0.05 for 
all months except 
April (marked with 
an asterisk), 

• Indicating that for 
these months we 
cannot, with 95% 
confidence, reject 
the Null hypothesis 
of the modelled 
and the observed 
sea ice changes 
being drawn from 
the same 
population 

 

2. Are modelled and observed slope 
(ΔSIA/ΔT) drawn from the same population?  
 

Slope from bootstrapped data {ΔSIA, ΔT} 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
• 6.5% of model slopes are MORE negative than 

observed – we cannot, at the 5% level, rule out 
that the observed slope is drawn from the 
same distribution as the model slopes. 

Individual model of 
RCP8.5 and RCP4.5 Observation 

6.5% 



Combining all models and observations 
wrt. 1986-2005 

• Models and observations agree  remarkably well on 
sea ice conditions throughout the year 
 when accounting for model biases (global mean 

temperature and sea ice conditions) 

• Taken together all model projections imply that 
summer time ice free conditions are likely when ΔT 
exceeds 0.97°C wrt. 1986-2005, ie., 1.58C above 
pre-industrial period Yang et al, 2017, submitted to Scientific Reports 
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Summary  
• CMIP has made a success over the last 20+ years  

– Made state-of art climate model simulations directly available to a broad 
international communities of climate scientists and impacts researchers 

– Analysis of CMIP multi-model database have formed the basics for the 
past IPCC assessment reports and various national assessments 

• Is there a need for coupled model intercomparison projects (CMIP) in 
the future? – Yes! 
– Multi-model ensemble mean is an effective way to reduce errors and 

improve the assessment of future changes in comparison with estimates 
from individual models 

– Scientific questions need to be addressed – Coordinated experiments 
involving in large number of models and modelling groups have helped 
and will continue to improve our understanding of climate variability and 
changes 

– Climate models became more and more complex with more components 
incorporated in, which may potentially increase the uncertainty in model 
results 

• Lessons learnt from past CMIP has led to new CMIP6 experiment 
design. “Future CMIP efforts should focus more strongly on specific 
science questions while continuing to make model output available to 
a broad scientific community.” (Stouffer et al., BAMS, 2017) 



Thank you! 
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A short walk through (my impression) of how we got to where we are today 

Colin Jones  
Head of UK Earth System Modelling 
Previously somewhat involved in CORDEX  



2

Where is CORDEX now ?



Pan-CORDEX Conferences and Workshops
Pan-CORDEX conferences:  
• CORDEX2011, Trieste, about 150 participants 
• CORDEX2013, Brussels, about 450 abstracts and more 

than 500 attendees 
• CORDEX2016, Stockholm, more than 300 participants

• Regular CORDEX session at EGU, AGU etc 
• Many regional workshops for specific CORDEX domains

Trieste 2011 Stockholm 2016



CORDEX Management and Coordination
• CORDEX (WCRP project) has been running since 2009 
• CORDEX Science Advisory Team (SAT), 12 members

• International Project Office for CORDEX (IPOC) 
hosted by SMHI since January 2015 (Irene Lake) 

• Each CORDEX domain has 2-3 Points of Contacts (POCs) 
• CORDEX archiving is coordinated by IS-ENES



CORDEX Phase I 

• focus on downscaling of the CMIP5 results  
• both dynamical (RCM) and statistical downscaling (ESD) 
• RCM: about 40 groups in the CORDEX RCM list (+ 30 unregistered) 
• ESD: 13 groups registered for the 1st ESD experiment (+ 30) 

14 CORDEX domains

CORDEX simulations can be accessed using: 
1. Earth system Grid Federation (ESGF) 
2. Data Portals (Med-CORDEX, South/East Asia, North America)

• CORDEX-Adjust: bias-adjusted simulations on ESGF (Oct 2016)



Model Evaluation  
Framework

Climate Projection 
Framework

ERA-Interim  
1989-2008 

later: 1979-2010

Multiple CMIP5  AOGCMs 
Historical (1950-2005) 

RCP2.6, 4.5, 8.5 (2006-2100)

Multiple regions (Initial focus on Africa) 
50km resolution (higher in some regions, Europe: 12km)

Regional Analysis 
Regional Databanks 

ESGF

CORDEX Phase I experiment design



CORDEX goals and vision

The CORDEX vision is to advance and coordinate 
the science and application of regional climate 

downscaling through global partnerships

• To better understand relevant regional/local climate 
phenomena, their variability and changes, through 
downscaling. 

• To evaluate and improve regional climate downscaling 
models and techniques  

• To produce coordinated sets of regional downscaled 
projections for  (land) regions worldwide  

• To foster communication and knowledge exchange with 
users of regional climate information



CORDEX Regional Training Workshops

• CORDEX Africa Analysis Campaign Phase 1: 4 training 
workshops (2011-2012) 

• CORDEX Africa Analysis Campaign Phase 2: 2 workshops 
(2015/ 2016) and 4 upcoming workshops in 2017-2018 

• 1st and 2nd WCRP CORDEX South Asia Training Workshops 
(Oct 2012 and Aug 2013)  

• 1st and 2nd CORDEX Latin America and the Caribbean 
(LAC) training workshops (Sep 2013 and Apr 2014) 

• SEACLID: South East Asia group formed and delivering 
data and training for SE Asia countries 

Large interest in regional training workshops is very 
large and the long-term benefits are very significant. 
Funding as usual is a big problem 
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Looking back to how things developed



A numerical approach to modeling climate on a regional scale is developed whereby 
large-scale weather systems are simulated with a global climate model (GCM) and 
the GCM output provides boundary conditions needed for high-resolution mesoscale 
model simulations over the region of interest. 

We simulate global climate for three years with CCM1/BATS and describe the 
January climatology over western U.S. Precipitation patterns are unrealistic because 
of the smooth topography. Selecting five January CCM1 storms over the western 
U.S. with a total duration of 20 days for simulation with the MM4, we demonstrate 
that the mesoscale model provides much improved wintertime precipitation patterns.

1st attempts at Regional Climate Downscaling 

A regional climate model for the western United States 
R.E. Dickinson, R. Errico, F.Giorgi and G. Bates: Climatic Change 1989



European Regional Climate Modelling started to develop in the 1990’s 

Validation of present-day regional climate simulations over Europe: 
LAM simulations with observed boundary conditions
J. H. Christensen, B. Machenhauer, R. G. Jones, C. Schär, P. M. Ruti, M. Castro, G. Visconti 
Climate Dynamics 1997 : No Swedish presence yet. 



   Important milestones along the way to CORDEX Phase 1 
  
•  SWECLIM/Rossby Centre starts 1997: Development of RCA and RCAO 

•  EU project PRUDENCE 2001-2004 (DMI, Jens Christensen coordinates)  
    Coordinated European RCM simulations sampling a matrix of GCMs and RCMs 

•  NARCCAP: North American version of PRUDENCE 

•  EU FP6 ENSEMBLES 2004 -2009 
    GCMs and RCMs in the same project developing a matrix of GCM-RCM simulations 
    targeting European climate change projections 

•  1st and 2nd Lund Regional Climate scale workshop 2004 & 2009 
    Representation of Regional modelling on the WGNE panel 
     Ad-hoc WGNE panel of regional modelling 

• 12th WGCM Paris Sept 2009 CMIP5 experiment protocols developed 
   WGCM/CMIP5 agree to provide boundary condition data from key experiments      
    for Regional climate downscaling: start of CORDEX activities. 



Regions around the globe need to 
feel and actually have “ownership”  
of climate scenarios produced for 
their regions. 

This will increase uptake of such  
information by regional planners 
and policymakers 

Requires production of regional 
climate projections for all land 
regions on the globe. 

With active involvement and 
leadership from scientists local 
to and working in each region.
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• Summer 2009 CORDEX project formally started under WCRP auspices 
   CORDEX Science Advisory Team formed to guide planning (Giorgi & Jones co-chair) 

• Feb 2009: Workshop on Evaluating/Improving Regional Projections, Toulouse 
   International RCM groups agree to target a 1st coordinated set of projections for Africa.

• June 2010: WCRP Regional Climate Workshop: Lille 
   1st CORDEX experiment protocol developed and LBC request to CMIP5 agreed 

• March 2011: 1st International CORDEX Conference, Trieste  
  1st CORDEX experiments (length, domains, resolution etc) agreed 
  Agreement to produce common diagnostics in common file format (CMIP5 standards) 
  Begin discussing distributing CORDEX data via the Earth System Grid Federation (ESGF) 
  is-ENES project coordinates CORDEX ESGF efforts: DKRZ, IPSL, BADC, SMHI-LiU 

• Late 2011 onwards: 1st CORDEX downscaling of CMIP5 projections made 

• Late 2012 onwards: 1st CORDEX data becomes available on the ESGF 

• Sept 2013 : 2nd CORDEX conference in Brussels 
   CORDEX becomes “of interest” to IPCC 
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CORDEX ESGF nodes  
Distributing quality-controlled, standardised simulation data

CORDEX ESGF nodes 
SMHI-NSC, Sweden,   DMI, Denmark,    DKRZ, Germany 
BADC, UK,  IPSL, France, University of Cantabria, Spain 

IITM, India, KMA Korea ?



Number of files

Africa 50km
Europe 50km
Europe 12km
Arctic 50km

South  Asia 50km
North America 50km
South America 50km

Central America 50km
MENA 50km

Antarctic 50km
East Asia 50km

MENA 25km
Australasia 50km

Central  Asia 50km
North America 25km
North America 12km

0 3500 7000 10500 14000

Most important: number of  
scenarios and RCM-GCM  
combinations per domain

CORDEX data on ESGF

provided by DKRZ (Jan 2017)



CORDEX-related articles 

searching  for CORDEX & RCM & climate in Google Scholar

Stockholm 2016

0

150

300

450

600

2009 2010 2011 2012 2013 2014 2015 2016

status of January 2017
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CORDEX going forwards ? 

• CMIP6 diagnostic MIP 
   New ESM data for new Regional Climate Downscaling 

• CORDEX FPS 
   Convection resolving, coupled  RCMs, Regional Environmental models 

• Continue capacity building 
   Data, training, interaction, information for/with developing countries
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Experiences from supporting 
development of climate services 

in Finland 
Rossby Center 20 year jubileum 14.9.2017 Norrköping 

Dr. Hilppa Gregow  

Head of Unit, Climate Service Centre (2014 -> 2017) 

Head of Unit, Weather and Climate Change Impact Research (2018 -> 2021) 



Outline 
1. Some reflections from 

past years 
2. Highlights from where we 

are now 
3. Future emphasis – where 

new collaboration could 
form? 

 
 
 



Collaboration 
moments within 
climate research: 
FMI and 
Rossby Centre 

Climate and Energy Systems - CES 
 (http://en.vedur.is/ces/project/) kick-off at 
Dynamicum Helsinki 29.5.2007 

Ari Venäläinen and Grigory Nikulin  
Riederalp 2009 Workshop (ENSEMBLES) 

PRUDENCE, Toledo, v. 2004 e.g., 
Kirsti Jylhä, Erik Kjellström and Lars Bärring 

http://en.vedur.is/ces/project/
http://en.vedur.is/ces/project/


Lund 2011: 
Statistical 
downscaling 
was much 
discussed in 
SARMA WS 

18.9.2017 Ilmatieteen laitos / PowerPoint ohjeistus 4 
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Highlights from  
where we are now 

 

 
 
 



CCA and DRR expert support and 
research especially in developing 
countries 

18.9.2017 7 
On-going In preparation Scientific research 

Finalised cooperation and consultation project 



Research and Service Unit:  
Climate service centre was established in 2014 

 

http://en.ilmatieteenlaitos.fi/climate-service-
centre 

Head of unit: 
Dr. Hilppa Gregow 
 
Research Professor:  
Dr. Adriaan Perrels 

 
Weather 

and Climate 
Research  

 

Socio-
economic    

Impact 
Research 

Climate 
Applications 

Head of group:  
Dr. Andrea Vajda 

Head of group:  
Dr. Antti Mäkelä 

Head of group:  
Dr. Heikki Tuomenvirta 

1. We do MULTIDISCIPLINARY climate change research  
2. We investigate the economic benefits of weather and climate 

services 
3. We focus on improving scientific communication  
4. We develop monthly to seasonal forecast products 
5. Our main sectorial focus: energy and infrastructure, construction, 

agriculture, forestry, water and education – health is emerging  
 



One example of 
multidisciplinary 
work: soils, 
forests, weather 
and climate. 
 
 
 
 
 
Yesterday we got news  
that this poster has been 
given the EMS2017: 
Outstanding Poster Award 
 
 
 

18.9.2017 9 

Roundwood removals  

Frozen soil with estimate 
By using soil temperature  
and air temperature 

Sprruce and clay soils 
Pine and  sandy soils 



Another example from 
multidisciplinary research 

18.9.2017 10 
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1. We used forest damage reports (PD) of FORESTSTORMS database. 
2. We constructed total growing stock (TGS) statistics for Western, Central 

and Northern Europe based on TGS reports from 17 countries.  
3. We homogenized the datasets as PD/TGS for the period 1951-2010. 
4. We analyzed 56 large scale storms (Fig1)  
5. Out of 56 storms 15 were assessed also  with the gust wind speeds 

(Fig2), namely storms from 1981, 1984, 1986, 1987, 1990 (4 storms), 
1999 (3 storms), 2005, 2007, 2009, 2010.  

6. We further compared storm intensity to NAO-index during SON 
(decrease in both) (Fig3) and DJF (increase in both) (Fig4)  

7. We divided the storm distribution to destructive (PD/TGS < 0.08%), 
highly destructive (0.08% ≤ PD/TGS ≤ 0.2%), and catastrophic storms 
(PD/TGS > 0.2%). (Fig5) 

8. We performed a change point-analysis of the full time-series (Fig5). 
Our conclusions are: Storm intensity of the catastrophic 
storms in Europe has  increased by a factor of 3,5. NAO is 
not driving the change but most probably Arctic climate 
change is. More research is needed.  

Increasing intensities of catastrophic storms 
hitting Europe in 1951-2010 (AMS 2017) 
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Gregow et al. 2017. https://www.nature.com/articles/srep46397 



1. How can the tools for the assessment and management 
of climate risks be developed and updated? 

2. What are the changes in regional climate variables, 
especially with regard to changes in the water resources 
and heavy precipitation events? 

3. How are the costs and benefits of risk management 
measures assessed? 

4. What are the cross-border effects of climate change in 
Finland? 

 

The ELASTINEN project 2015-2016 
aimed to answer the following 
questions: 

Project web page: http://fmi.fi/elastinen 

One example of adaptation research 

2016-
2025 

2025-
2050 

2050-
2100 

Mid-term 10-30 yrs Short-term < 10 yrs Long-term > 30 yrs 

http://fmi.fi/elastinen
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ELASTINEN-project: 
Policy 
recommendations 
and measures to  
improve  
the management  
of weather and 
climate risks  
and support  
adaptation to  
climate change 

Lead Hilppa Gregow 
34 experts from: 



• Project web page: http://fmi.fi/elastinen 
 

• Final report: Gregow, H. et al. 2016. Keinot edistää sää- ja ilmastoriskien hallintaa. 
(Measures to promote the management of weather and climate related risks. Abstract in 
English.) Valtioneuvoston selvitys- ja tutkimustoiminnan julkaisusarja 47/2016. 36 s. 
http://tietokayttoon.fi/julkaisu?pubid=15406 
 

• Harjanne, A, et al. 2016. Sää- ja ilmastoriskien hallinta ja tietolähteet Suomessa. 
(Management of weather and climate risks and the use of related information sources in 
Finland. Abstract in English.) Ilmatieteen laitoksen julkaisusarja 2016:6. 111 s. 
http://hdl.handle.net/10138/168693 

•   
• Pilli-Sihvola, K. et al. 2016. Taloudellisesti tehokkaampaa sää- ja ilmastoriskien hallintaa 

Suomessa. (Efficient weather and climate risk management in Finland. Abstract in 
English.) Valtioneuvoston selvitys- ja tutkimustoiminnan julkaisusarja 45/2016. 68 s. 
http://tietokayttoon.fi/julkaisu?pubid=15404 
 

• Hildén, M. et al. 2016. Ilmastonmuutoksen heijastevaikutukset Suomeen. (Crossborder 
effects of climate change in Finland. Abstract in English.) Valtioneuvoston selvitys- ja 
tutkimustoiminnan julkaisusarja 46/2016. 62 s. 
http://tietokayttoon.fi/julkaisu?pubid=15405 
 

• Luhtala, S. et al. 2017. Kuntien sää- ja ilmastoriskit kuriin riskien arvioinnilla ja hallinnalla. 
Policy Brief. Valtioneuvoston selvitys- ja tutkimustoiminnan artikkelisarja 2/2017. 4 s. 
http://tietokayttoon.fi/julkaisu?pubid=18801 14 

More information 

http://fmi.fi/elastinen
http://tietokayttoon.fi/julkaisu?pubid=15406
http://tietokayttoon.fi/julkaisu?pubid=15406
http://tietokayttoon.fi/julkaisu?pubid=15406
http://tietokayttoon.fi/julkaisu?pubid=15406
http://tietokayttoon.fi/julkaisu?pubid=15406
http://hdl.handle.net/10138/168693
http://hdl.handle.net/10138/168693
http://hdl.handle.net/10138/168693
http://tietokayttoon.fi/julkaisu?pubid=15404
http://tietokayttoon.fi/julkaisu?pubid=15405
http://tietokayttoon.fi/julkaisu?pubid=18801
http://tietokayttoon.fi/julkaisu?pubid=18801
http://tietokayttoon.fi/julkaisu?pubid=18801
http://tietokayttoon.fi/julkaisu?pubid=18801
http://tietokayttoon.fi/julkaisu?pubid=18801


FMI and development of 
reanalyses to support 
climate services: EU-
CORE-CLIMAX 2013-2015 

Availability of good quality data is the key 

Using three reanalyses 
and intercomparing the 
hurricane Debby 1982 
transitioning into storm 
Mauri (22.9.1982) 

Laurila et al (submitted) 



Climate Change 

C3S_51_Lot4 

D a t a  E v a l u a t i o n  
f o r  C l i m a t e  
M o d e l s   
( D E C M )   
1 . 8 . 2 0 1 6 -
3 1 . 1 2 . 2 0 1 8  
 
 

C3S_51_Lot4 



DECM – Data Evaluation for 
Climate Models  
•DECM maps and analyses user requirements, assesses data availability and 
applicability and identifies the gaps that need filling  
•We need to make sure that the climate model data is delivered to the different end-
users in the best way 
•DECM project examines the climate model data according to these requirements 
and provides the recommendations for its Evaluation and Quality Control (EQC) 
framework. 
•The data will also be part of the C3S Climate Data Store (CDS). 
•https://decm.climate.copernicus.eu/ 

C3S_51_Lot4 

FMI has  
7 subcontractors: 

GERICS 
DMI 

MetNo 
OMSZ 

CSC Finland 
UH  

ABHL France 

https://decm.climate.copernicus.eu/


 
Climate modelling 
and evaluation 
needs networks 
and high level 
research expertise 
 
HARMONIE-CLIM 
offers new 
possibilities in 
Climate Services 



Heavy snowfall, blizzard, snow load and freezing rain can affect different 
type of critical infrastucture 

Risk management in support of Climate 
Adaptation Impacts on critical infrastructure 

Heavy snowfall,  
Feb 2013, Romania 

Freezing rain,  
Feb 2014, Slovenia 

(AP Photo/Vadim Ghirda) 

Railways 
Energy & telecommunication 
infrastructure 

Feezing rain,  
Dec 2010, Moscow 

Heavy snow load,  
Nov 2005, Germany 

Road infrastructure 

Blizzard,  
March 2013, Hungary 

Freezing rain,  
Feb 2014, Slovenia 

Heavy (coastal effect) snowfall,  
2 Feb 2012, Finland 

 

Freezing rain,  
Feb 2014, Slovenia 



Freezing rain, annual 

Change by 2071-2100 
> 5mm/day  > 5 mm / day 

Annual probabilities 
 



21 

2016-2018 
9 energy-relevant pan-European indicators of climate trends and variability  

http://clim4energy.climate.copernicus.eu/ 

Service development  

http://clim4energy.climate.copernicus.eu/
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Monitoring climate change 
propagation is important 

Past observations (1847–2016)  

Finland  



Experimentation in 
tailoring the LRF products   

18.9.2017 The Finnish Meteorological Institute 23 

EGU 2006 
FMI decides to explore 

the LRF in support of WMO 



During 2011-2012 we were experimenting the 
operationally delivered sea ice forecasts and sea 
ice management support service 
 
 Arctia Shipping has been 
pleased: ”The skill in the 
forecast has developed 
positively and  we benefit 
from the forecast much 
before the winter as we 
assess the need for ice 
breakers e.g., in the Baltic 
Seas region.” 



CLImate service supporting  
Public activities and Safety 

Hilppa Gregow, Andrea Vajda, Otto Hyvärinen, Terhi 
Laurila, Tiina Ervasti, Juha A. Karhu, Hadassa Hovstadt, 

Natalia Korhonen, Antti Mäkelä 
EMS 2017 

 

ERF-based climate services 2016-2018 



Test and improve impact forecasting of average and extreme 
conditions using the ERF (six week forecasts) of ECMWF 
Design and co-design products (within the technical 
boundaries) 
Set up automatic operational  services through FMI Ilmanet 
portal   
Continuously collect feedback and make surveys 
Support and guide users 
Evaluate and verify in parallel 
Write news and scientific papers 
Supervise master thesis and PhDs  

 

What kind of work do we do?  
 

Image: Michael Mann / Penn State 



To build the service – CLIPS example 
http://clips.fmi.fi/?lang=en  

ILMANET for  
registered users 

Clips.fmi.fi pages for anyone 
interested thus also for non-
users 

This is the blue algae product 

Webpages aim to raise awareness of ERF possibilities 

http://clips.fmi.fi/?lang=en


Sportweather outlook example for 14.08.-
10.09. issued on 1.8.2017 
 

Colours on the map 
indicate the 
conditions:  
Poor (Pink) 
Moderate (Orange) 
Good (Blue) 
Excellent (Green) 

About the product 
Explains which  
parameters are used 
and with which 
weights.  

Animation: 
Shows the same but 
animated.  

Week 3  Week 4  

Week 5  Week 6  

We do not overlap with the first two week weather forecasts! 



We have more than 2000 piloters! 

0

500

1000

1500

2000

2500

Number of 
piloters 

YLE-TV news 



FALL – WINTER –SPRING 
OUTLOOKS are under 
development 

FALL e.g., 
1. Skiing conditions 
2. Biking conditions 
3. Sailing conditions 
4. Road conditions 
5. Cottage conditions 
6. Stormwinds 

 
 

 
 

WINTER e.g., 
1. Skiing conditions 
2. Skating 

conditions 
3. Biking conditions 
4. Sweater weather 
5. Cottage 

conditions 
6. Road conditions 
7. Storm paths 
 

SPRING e.g.,  
1. Running conditions 
2. Road conditions 
3. Air quality conditions 
4. Cottage conditions 
5. Growing season starting 

point 
6. Bush and forest fire risk  
 



Future emphasis – from 
where new collaboration 
could form? 

18.9.2017 31 
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• DustClim: Dust Storms Assessment for the development of user-oriented Climate 
Services in Northern Africa, Middle East and Europe. Lead Dr. Sara Basart, BSC Spain.  

• INDECIS: Integrated approach for the development across Europe of user oriented 
climate indicators for GFCS high-priority sectors: agriculture, disaster risk reduction, 
energy, health, water and tourism. Lead Dr. Enric AGUILAR, C3-URV Spain. 

• SERV_FORFIRE: Integrated services and approaches for Assessing effects of climate 
change and extreme events for fire and post fire risk prevention. Lead Dr. Rosa 
Lasaponara, CNR Italy.  

• URCLIM: URban CLIMate services. Lead Dr. Valéry Masson, Météo France France.  
• WINDSURFER: WIND and wave Scenarios, Uncertainty and climate Risk assessments 

for Forestry, Energy and Reinsurance. Lead Dr. Len Shaffrey, UREAD UK.  



Related to e.g., URCLIM: Flood risk 
assessment, hazard management & 
adaptation policy work 

33 

1. Response of housing markets to flood 
probabilities 
(spatial econometrics, treatment effects) 
doi.org/10.1007/s11146-015-9530-3    

 

2. Effects of flood risk 
management policies on urban 
growth in the floodplain 

(simulation of urban spatial 
dynamics) 
 
doi.org/10.1016/j.compenvurbsys.2017.
04.005   

 

Public release of flood risk information – how to assess its effectivity? 



Context: EU-MACS  
European Market for Climate 

Services 
Co-ordinator: Prof. Adriaan Perrels, FMI 

• Towards better matching of supply options and user needs 
• Exploring engagement protocols with stakeholders from 

finance, tourism and urban planning 
Issues: 
• User orientation at the core of quality control 
• Towards viable CS business models 
• What are key innovations for better uptake? 
• What legislation is upcoming / needed? 

 

Contact: adriaan.perrels@fmi.fi 
web-site: http://eu-macs.eu/#  

mailto:adriaan.perrels@fmi.fi
http://eu-macs.eu/
http://eu-macs.eu/
http://eu-macs.eu/
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Big congrats to Rossby Centre for  

the succesful 20 years! 
 

Thank you for listening! 

More work for us  
In the Arctic! 
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challenges 
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Developing Climate Services in 
Norway: Experiences, 
Successes and Challenges 
Stefan Sobolowski 
Uni Research Climate & the Bjerknes Centre 
for Climate Research  
 
Rossby Centre 20yr Sept. 13-14, 2017 
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Endring i temperatur 

3 

vinter vår sommer høst år 

+ 6 °C 

+ 4 °C 

+ 2 °C 

høy 
middel 
lav 

scenario 



Endring i antall dager med kraftig 
nedbør 

4 

[mm/døgn
] 

20-40 

40-80 

80-200 

kraftig nedbør  
i dag 

vinter vår sommer høst år 

+ 100 % 

+ 50 % 

+ 150 % 
middel 
høy 



High interest around local scale 
implications (present & future) 

• Hydropower and 
other industries 

• Planning for flood 
mitigation/adaptation 

• Urban 
planning/zoning/drain
age 

• How best to provide 
information that’s fit 
for purpose (i.e. 
decision-relevant) 

Figure: Massive flooding in Odda western Norway in October, 
2014. credit: Hommedal, Marit NTB/SCANPIX 



Outline for rest of the talk 

• Background of the NCCS 
 

• Current products (both released and in 
development) 
 

• Research & engagement 
 

• Challenges, lessons learned & the way 
forward (IMHO) 



• Norwegian Meteorological Institute 
• Norwegian Water Resources and  

Energy Directorate (NVE)  
• Bjerknes Centre for Climate Research 
• Uni Research  

 
• The Norwegian Environment Agency 

is represented in the board 
 
 
 

The Norwegian Centre for Climate Services 
(NCCS) is a cooperation between 



Background for establishing NCCS: 
• Official Norwegian Reports NOU 

2010:10 
• White paper on climate 

adaptation in Norway: 
«Stortingsmelding 33 (2012-
2013)» 

• Funding ~4million NOK/yr from 
Environment ministry 

• Partnership managed by 
Meteorological Institute 

• Leadergroup of representatives 
from each partner 

   



Provide decision makers 
in Norway with 

information relevant for 
climate adaptation         - 

in a changing climate 
 
 

Mission for NCCS: 



Web-pages: //klimaservicesenter.no 
• Only in Norwegian  
• Contents (examples) 

• Climate projections 
• Publications incl. climate reports and “Climate 

Factsheets” 
• Portal for downloading 1x1 km projections for 

temperature & precipitation in Norway 
• Under development (in test now) 

• Rainfall design values (IDF) for “anywhere in Norway” – 
present climate  



• Report on past, present and future 
climate in Norway (200 pp) 

• Published in 2015, based upon 
CMIP5, Euro-CORDEX  

• A knowledge base for climate 
adaptation 

• 37 authors from 7 institutions 
• English short version is now 

available (50 pp) 
 

“Climate in Norway 2100” 



Flommene blir større her og mindre der 
  

 
   

 
 

 
 

 

Regnflommene blir større og kommer oftere.  
 
Snøsmelteflommene blir færre og mindre.  

Prosent endring,  
store flommer 

Foto: Ingjerd Haddeland 



Based upon 
the report:  
8-page 
“climate-
factsheets” 
for all 
counties 

“Climate factsheets”  



Summary, «Climate factsheets»: 
INCREASED PROBABILITY 

POSSIBLY INCREASED  
PROBABILITY 

UNCHANGED OR 
REDUCED PROBABILITY 

   UNCERTAIN    



“…will focus on further development and 
evaluation of  post-processing techniques 
(...) in order to bridge the gap between the 

output from global and regional climate 
models and the needs of key stakeholders.”  

Research project “PostClim” (2016 – 2019) 



Research project “PostClim” (2016 – 2019) 

• Research partners: 
• Involved users: Municipalities and the 

agriculture sector 
• Work packages: 

• WP1: Communication with users and 
dissemination of results 

• WP2: Post-processing of climate model output (i.e. 
bias adjustment) 

• WP3: Hydrological modelling 

• Publications: Report on user needs 



Research Project: 
Relevant, reliable and 
robust local climate 
projections for Norway 
(R3) 
Stefan Sobolowski – Principal Investigator 
 

Uni Research Klima/Klimaservice 



R3: Three main areas of inquiry 
• Aspects regarding 

downscaling/regional 
climate modelling 

• Aspects regarding 
decision-making and 
implementation of new 
knowledge among users 
(both public and private) 

• Aspects regarding co-
creation of knowledge, 
how stakeholders can 
productively contribute 

Figure: Photo from the flooding in Voss, fall 2015. This camping 
area with many permanent trailer homes is right on the flood 
plain. 



Robust 
• Current backbone of all 

climate services 
undersamples range of 
possibilities 
 

• The issue is exacerbated at 
local scales 
 

• ‘Brute force’ solutions are not 
tractable 
 

• Can we devise inexpensive 
solutions to obatin local 
information across a range of 
possiblities? 
 



Challenges: Quality Control 
• How to balance scientific rigor and ethical 

responsibilities with expectations and demands? 

2013(Fall) 

• Discussions around developing an updated 
climate report for Norway 

2014(Spring) 

• Report on bias correction intercomparison; 
decisions on ensembles and analyses 

2014(Fall) 

• Official request for report from Environment 
Directorate; writing teams determined  

2015(Winter-
Summer) 

• Writing, production, stress 

2015(Fall) 
• Report released 22.09.2015 



Euro-CORDEX Models in KiN 



From 12x12km to 1x1km gridded 
dataset using EQM & interpolation 
• blash blah 

How well do various methods match obs? 



From 12x12km to 1x1km gridded 
dataset using EQM & interpolation 
• nope 1/3  to 1/2 of 

original signal How well do various methods preserve  
climate change signal? 



Challenges: Evaluation Frameworks? 
• Are we fulfilling the 

mission statement? 
• Are products actually 

used? 
• Currently no 

evaluation 
metrics/criteria or 
frameworks in place 

• Who are the 
appropriate actors? 

Table of 45 indicators for evaluating 
climate services from Wall et al., 2017 
https://doi.org/10.1175/WCAS-D-16-
0008.1     

https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1
https://doi.org/10.1175/WCAS-D-16-0008.1


Challenges: Structure and roles 
• Currently very “top down” 

and project oriented (time 
limited) 

• Lack of a stable 
organizational framework 
for knowledge development 
and exchange 

• Preferences are not clear-
cut or predefined (multi-
disciplinarity can be a 
problem) 

• Actor participation is fluid; 
temporality is a constraint 



Challenges: Engagement 
• Climate services need to be 

integrated into existing decision-
making processes. 
 

• Each municipality has very local 
climate needs even within similar 
climate zones.  
 

• Need for sustained local 
engagement to determine needs & 
communicate local-based 
expertise and knowledge 
 

• This requires considerable 
investment 

There is need for more 
bottom up engagement! 



Conclusions and the way forward 
• Different mandates, preferences, constraints of 

providers must be reconciled 
 

• Scientific rigor critical establish trust and helps 
establish voice of authority (see mission) 
 

• Need stronger and more sustained engagement and 
guidance; requires input from other disciplines 
 

• Stronger pan-Nordic collaboration at national level 
climate services  



Thank You! 
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+2, 4 or 6 °C? International 

collaboration on temperature targets 

Gustav Strandberg with Lars Bärring, Erik Kjellström, Grigory Nikulin  



The Paris Agreement 

 

Aim to keep “a global temperature rise this 

century well below 2 degrees Celsius above 

pre-industrial levels” (UNFCCC, 2015). 

 

“The two degree target” 



What does two degrees warming mean? 



Impact2C project 



Impact2C project 



Impact2C project 



+2C at smhi.se 

www.smhi.se/klimat/framtidens-klimat/klimatscenarier/ 



Where are we heading? 

År 

CO2 

emissions, 

billion 

tonnes 

C/year 

 
(Pg C/year) 

Sanford et al., 2014 

RCP 8,5 

RCP 6,0 

RCP 4,5 

RCP 2,6 

+4,9 °C 

+3,0 °C 

+2,4 °C 

+1,5 °C 

Climateactiontracker.org 

Current policy 

+3,6 °C 

With pledges 

+2,7 °C 

+2 °C 



Helix project 

Aim to provide a set of credible, coherent, global and regional views of 

different worlds at 2, 4 and 6°C,  and now 1.5°C. 

 

Focus on delivering the knowledge needs of Northern Sub-Saharan 

Africa, South Asia and Europe. 



Questions 

Climate change in Europe at +2C and +4C based on results from 

EURO-CORDEX and HELIX.  

Compare with the CMIP5 data base. Specifically, we address the 

questions:  

  

 i) What will the regional climate look like in Europe at 

 different warming levels?  

  

 ii) Will the warming exceed that of the global mean?  

 

 iii) Will the resulting climate change signal based on a subset 

 of CMIP5 GCMs be similar to that of the larger ensemble of 

 all CMIP5 GCMs or will the subset be a misrepresentation?  



Future winter temperature 

EC-EARTH atmosphere 

at resolution T511  
≈ 40 km 

+2 °C 

+4 °C 

+6 °C 



Future winter temperature 



20yr return values of winter temperature 

  



Individual RCM response – winter MSLP 

hPa 

hPa 



Individual RCM response – winter temperature 

°C 

°C 



The results in a wider context 

RCMs 

downscaled GCMs 

 all GCMs  

i) neither the subsample of GCMs nor the RCMs do represent the full variability  

ii) the RCMs change the climate change signal compared to the GCMs 

iii) the RCM ensemble is mostly within the range of the wider CMIP5 ensemble  

+2 °C +4 °C 



Can RCPs represent temperature levels?  

30 year trend in temperature (K/30 years) att different warming levels 

       RCP2.6                           RCP4.5                        RCP8.5 

+1.5 °C 

+2 °C 



Summary 

 Stronger warming than on a global mean scale is found for Europe 

(and other parts of the world) 

 Stronger changes in extremes compared to means 

 Impact of large-scale circulation sometimes large (notably in DJF 

and at +2C) 

 Limited ensemble size undersamples CMIP5 range 

 RCMs are mostly within the CMIP5 range but it is clear that RCMs 

change GCM results 

 If we meet the “two degree target” it will not be along any of the 

RCPs -> need for stabilisation scenarios 
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Urban SIS: Climate information for European
cities

Petter Lind

Swedish Meteorological and Hydrological Institute
Rossby Centre

2017-09-14

1 / 12



Urban modeling

NASA Earth Observatory

2 / 12



Urban modeling

Lim et. al., 2017

3 / 12



Urban SIS

Urban SIS is a Copernicus funded project and part of the C3S programme.
Copernicus Climate Change Service (C3S): provide quality-assured climate
information for past, present and future states at temporal and spatial scales
relevant to European sectors.
Urban SIS runs from October 2015 to December 2017.

Partners:

4 / 12



Urban SIS

Urban SIS is a Copernicus funded project and part of the C3S programme.
Copernicus Climate Change Service (C3S): provide quality-assured climate
information for past, present and future states at temporal and spatial scales
relevant to European sectors.
Urban SIS runs from October 2015 to December 2017.

Partners:
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Urban SIS – Concept & Goals
Urban SIS will offer climate and impact information on the urban scale (∼ 1 km2) for major
cities, with focus on health and infrastructure sectors.
Three pilot cities: Stockholm, Amsterdam-Rotterdam and Bologna.

5 / 12



Urban SIS – Concept & Goals

Essential Climate Variables (ECVs)
ECVs for urban downscaling:

o Precipitation and water vapor
o Urban temperature
o Wind speed and direction
o Surface radiation budget
o Regional concentrations of NO2, O3, PM10, PM2.5.
o Regional scale soil moisture and river charge

Statistical indicators (time averages, frequency, return period etc.) are
calculated for present and future conditions.
User-friendly impact indicators specified by the infrastructure and health
sectors.

6 / 12



Urban SIS – Method

7 / 12



Urban SIS – Method

Climate simulations
UERRA re-analysis, 11 km,
Europe
–> HARMONIE-AROME (1 km,
5 years)

EC-Earth
Global ∼ 80 km, RCP8.5
HARMONIE-ALARO
Regional 20 km, Europe:
2 × 30 years
HARMONIE-AROME
1 km city domains
(240×240 grid points):
5 history + 5 scenario years
per city = 30 years total.

8 / 12



Urban SIS – Method

Selection of time windows

How do we select years that are interesting for the end user (heat waves,
flash floods), and at the same time representative for the climate (present or
future)?

9 / 12



Urban SIS – Method
Identify ”extreme” years ...

10 / 12



Urban SIS – Method

Joint, multi-index, comparisons provide more information of ”extremeness”.

11 / 12



Urban SIS – Product portal

Visualisation, selection and download of the Urban SIS data.
Data is stored as NetCDF following convention CF-1.6.
http://urbansis.climate.copernicus.eu/

12 / 12

http://urbansis.climate.copernicus.eu/

	session slides.pdf
	1_Shuting.pdf
	2_Colin.pdf
	3_Hilppa.pdf
	Experiences from supporting development of climate services in Finland
	Outline
	Collaboration moments within climate research:�FMI and�Rossby Centre
	Lund 2011: Statistical downscaling was much discussed in�SARMA WS
	Slide Number 5
	Highlights from �where we are now�
	CCA and DRR expert support and research especially in developing countries
	Research and Service Unit: �Climate service centre was established in 2014�
	One example of�multidisciplinary�work: soils, forests, weather and climate.������Yesterday we got news �that this poster has been�given the EMS2017:�Outstanding Poster Award���
	Another example from multidisciplinary research
	Increasing intensities of catastrophic storms hitting Europe in 1951-2010 (AMS 2017)
	The ELASTINEN project 2015-2016 aimed to answer the following questions:
	ELASTINEN-project: Policy recommendations and measures to �improve �the management �of weather and climate risks �and support �adaptation to �climate change
	More information
	Slide Number 15
	Slide Number 16
	DECM – Data Evaluation for Climate Models 
	Slide Number 18
	Risk management in support of Climate Adaptation Impacts on critical infrastructure
	Slide Number 20
	Service development 
	Monitoring climate change propagation is important
	Experimentation in tailoring the LRF products  
	During 2011-2012 we were experimenting the operationally delivered sea ice forecasts and sea ice management support service��
	CLImate service supporting �Public activities and Safety
	What kind of work do we do? �
	To build the service – CLIPS example http://clips.fmi.fi/?lang=en 
	Sportweather outlook example for 14.08.-10.09. issued on 1.8.2017�
	Slide Number 29
	FALL – WINTER –SPRING OUTLOOKS are under development
	Future emphasis – from where new collaboration could form?
	Slide Number 32
	Related to e.g., URCLIM: Flood risk assessment, hazard management & adaptation policy work
	Slide Number 34
	Slide Number 35
	Slide Number 36

	4_Stefan.pdf
	Developing Climate Services in Norway: Experiences, Successes and Challenges
	Slide Number 2
	Endring i temperatur
	Endring i antall dager med kraftig nedbør
	High interest around local scale implications (present & future)
	Outline for rest of the talk
	The Norwegian Centre for Climate Services (NCCS) is a cooperation between
	Background for establishing NCCS:
	Mission for NCCS:
	Web-pages: //klimaservicesenter.no
	“Climate in Norway 2100”
	Flommene blir større her og mindre der
	Slide Number 13
	Summary, «Climate factsheets»:
	Research project “PostClim” (2016 – 2019)
	Research project “PostClim” (2016 – 2019)
	Research Project: Relevant, reliable and robust local climate projections for Norway (R3)
	R3: Three main areas of inquiry
	Robust
	Challenges: Quality Control
	Euro-CORDEX Models in KiN
	From 12x12km to 1x1km gridded dataset using EQM & interpolation
	From 12x12km to 1x1km gridded dataset using EQM & interpolation
	Challenges: Evaluation Frameworks?
	Challenges: Structure and roles
	Challenges: Engagement
	Conclusions and the way forward
	Thank You!

	5_Gustav.pdf
	6_PLind.pdf
	What is Urban SIS?
	Climate modeling


