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Ship barometer  
ca. 1840 Atmospheric circulation after Maury (ca. 1860) 

Standard meteorological logs  
for ships at sea 
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First International 

Meteorological 

Congress  

(Vienna, 1873)  

Conference  

of IMO Directors  

(Washington D.C., 1947)  

The 1947 Convention: from IMO to WMO…   
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WMO and its Members 

WMO has 192 Members 

(countries) and coordinates the 

activities of all the National 

Meteorological and 

Hydrological Services (NMHSs) 

of the planet because weather, 

climate and water know no 

national or political boundaries. 

 



Objectives of CBR 

World Economic Forum Global Risks Landscape 2019 
 

Biggest risks for world economy 2019 

Water crises 

Biodiversity loss 
and ecosystem 

collapse 

Large-scale 
involuntary 
migration 

Failure of 
climate change 
mitigation and 

adaptation 

Natural disasters 

Extreme weather 
events 

Interstate 
conflict 

Cyberattacks 

Man-made environmental 
disasters 



Distribution on natural disasters 1998-2017 
90.6 % weather related 
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 ~4.5 billion people affected 1998-2017  
96 % weather related 
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Tropical Cyclone IDAI 



Carbon dioxide level highest in 3 million years 
CO2     CH4      N2O 

 

Increase 146 % 
 
Lifetime several 
thousands years 
 
Contribution to 
warming  66 % 

Increase 257 % 
 
Lifetime 12 years 
 
 
Contribution to 
warming 17 % 

Increase 122% 
 
Lifetime 114 years 
 
 
Contribution to 
warming 6 % 



Warming so far 

- 

- 



• 2018 0.98±0.12°C above pre-industrial (1850-1900), 2018 set to be 4th warmest year on record 

• 2015 and 2016 were affected by strong El Nino 

• 2015, 2016, 2017 and 2018 are the 4 warmest years on record 

• In contrast to the two warmest years, 2018 began with weak La Niña conditions, typically associated 
with lower global temperatures. 

• By October, sea-surface temperatures in the eastern Tropical Pacific were showing signs of a return to 
El Niño conditions. If El Niño develops, 2019 is likely to be warmer than 2018. 

 

 

 

WMO State of Climate 2018 

Global Temperatures 
 January-October 2018 



Tropical storms today vs. 2 C warmed climate 



Uneven economic impact of current warming 
Impact of 1°C temperature increase on per capita output 

 

Source: International Monetary Fund (IMF) World Economic Outlook 

GDP Change % 
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Climate change & 
-services 

Water resource 
management 

Solar, wind & 
hydro use 

Climate 
resilience 

Big data, 
innovations 

DRR, Adaptation, 
carbon & climate 
monitoring 

Sea level rise, 
climate<->oceans 

Climate change   
<->ecosystems 

Climate driven 
conflicts 

Resources for 
climate adaptation 
& DRR 

Air quality, heat 
waves, flooding 

Weather 
resilience 

Gender-sensitive 
services 

http://www.un.org/sustainabledevelopment/poverty/
http://www.un.org/sustainabledevelopment/energy/
http://www.un.org/sustainabledevelopment/climate-change-2/
http://www.un.org/sustainabledevelopment/hunger/
http://www.un.org/sustainabledevelopment/economic-growth/
http://www.un.org/sustainabledevelopment/oceans/
http://www.un.org/sustainabledevelopment/health/
http://www.un.org/sustainabledevelopment/infrastructure-industrialization/
http://www.un.org/sustainabledevelopment/biodiversity/
http://www.un.org/sustainabledevelopment/education/
http://www.un.org/sustainabledevelopment/inequality/
http://www.un.org/sustainabledevelopment/peace-justice/
http://www.un.org/sustainabledevelopment/gender-equality/
http://www.un.org/sustainabledevelopment/cities/
http://www.un.org/sustainabledevelopment/globalpartnerships/
http://www.un.org/sustainabledevelopment/water-and-sanitation/
http://www.un.org/sustainabledevelopment/sustainable-consumption-production/
http://www.un.org/apps/news/rss/rss_environment.asp


Weather 
Hazards, 
Climate 

Variability and 
Change 

Urbanisation 

Population 
growth 

Limited Natural 
Resources 

Water 

Econo
mic 

Food 

Energy 
Politica

l  

Health 

Migrati
on 

21st CENTURY CHALLENGES IN AN 
INTERCONNECTED WORLD  

 
Exposure to extreme 
weather and climate events 
threatens to derail the 
sustainability of economic 
development and social 
welfare across the globe, and 
to threaten the securities on 
which we rely for our health 
and well-being. 



Evolution of Climate Models to Earth System Models 

There is no logical scientific argument for separating the physical 
climate system from full Earth system science 

CLIMATE CHANGE AND 
EARTH SYSTEM FEEDBACKS 

Jointly with AIMES 
 

Climate Change Forcing & 
Sensitivity;  

Climate Change Attribution; 
Climate Change Projections 

(Global & Regional) for Mitigation 
& Adaptation; 

Abrupt Climate Change; 
Geoengineering Assessment 



New Tools in the Toolbox: 
Seamless Prediction Across Timescales 

Forecast lead-time 

Confidence 
boundary 
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Analysis of past weather 
observations to manage 
climate risks 

E.g. Agriculture: informs 
crop choice, planting to 
yield optimisation and 
minimise crop failure risk. 

Forecasting routine and 
hazardous weather 
conditions.  

Public, emergency 
response, international 
Disaster Risk Reduction 

Monthly to decadal 
predictions - probability  
of drought, cold, 
hurricanes…. 

Contingency planners, 
national and international 
humanitarian response, 
government and private 
infrastructure investment 

Climate Change 
projections. 

Informs mitigation 
policy and adaptation 
choices. Impacts on 
water resources, heat 
stress, crops, 
infrastructure. 



Weather and Climate Research 



Weather and Climate Research 



  
WORLD  CLIMATE  RESEARCH  PROGRAMME 

WCRP    



• Why do we need ExtremeEarth? 
• What is the scientific reasoning behind ExtremeEarth? 
• What are the key technologies for realizing ExtremeEarth? 
• How will ExtremeEarth produce socio-economic impact? 
• What is the ExtremeEarth partnership? 

 
 www.extremeearth.eu      

… a new challenge – how will our (near)  
future (climate & wether) models look like? 

http://www.extremeearth.eu
http://www.extremeearth.eu


Despite tremendous progress 
in climate modelling….our 
ability to provide robust 
estimates of the risk to 

society…is still constrained 
by…(many things) 



What does x1000 mean? In the past:  
x1000 = 15 years = 1015 scale  
= 2 M€ electric power / year 
 
In the future:  
x1000 = ?? years = 1018 scale 
= ?? M€ electric power / year 
 
Codes are only 5% efficient! 

[Economist, 16 March 2016] 

The end of Moore’s law 



Convergence of Key Technologies through EEsC 

The EEsC will turn 
workflows inside out: 
users drive configuration 
of models and 
observations 

AI techniques play a crucial role in all areas! 



How is WMO responding…. 
• Weight of WMO and NMHSs on the global agenda growing 

 
• Demand of hydromet expertise high: COP-23/24, UNSG, UN Security Council, UN 

High Level Climate Summitt 9/2019 
 

• Additional emphasis on EWS/Climate adaptation by development agencies, new 
alliances with Green Climate Fund and World Bank 
 

• Increase of project financing, e.g. CREWS & GFCS/ACP 
 

• Concept for private sector engagement 
 

• 2018 Lui Che Woo Prize 
 
 



Future of WMO 
• Already tripling of external funding for development projects: CREWS, EU/GFCS etc., the 

trend continues 
 

• Major development agencies, like World Bank, Green Climate Fund and EU follow the 
guidance of WMO in targeting their development programmes 

 
• Regional offices strengthened: project staff, secondments from Member countries 

 
• WMO supports NMHSs in advocacy among ministers/heads of state 

 
• Fully based on integrated, seamless approach for observations, weather, climate, water 

and environment, spanning a full chain from basic science to service delivery 
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Future of WMO 
• WMO makes a serious and unique contribution to the prosperity of the countries 

and climate adaptation 
 

• Meteorological, hydrological, marine and geophysical services are run at joint 
national joint centres 
 

• NMHSs have fruitful partnerships with universities in research and education 
 

• Members have legal basis for private sector role and code of ethics for PPE 



Future of WMO Secretariat 
• Structures aligned to serve the Constituent Body structure in an optimal way 
 
• The administrative processes of WMO are streamlined and resources are targeted for substantive 

duties 
 
• WMO is leading climate expertise agency in the UN with a coherent well organized climate 

programme (GFCS, WCRP, GCOS, GAW, Climatology & IPCC) 
 

• WMO has a coherent Earth Observation Programme (weather, climate, oceans, hydrology, air 
quality, greenhouse gases and space weather) 
 

• WMO supports multi-hazard early warning system  (high-impact weather, tsunamis, drought, 
earth quakes, volcanic eruptions, forest firs,  air quality episodes ) 

 
• Hydrology services are contributing actively to WMO 

 
• WMO provides management training for NMHSs 
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Future of WMO Secretariat 
• Research organizations are contributing to science to services approach 

 

• WMO has systematic information on its Members, development needs and trends 

 

• Private sector is a constructive and contributing part of WMO activities 

 

• Secretariat has grown due to high demand of climate and disaster expertise 

 

• More young experts are hired and exchange of staff between Member countries 
and Secretariat is active 

 

• WMO has several contributing partners: WB, GCF, FAO, 

 WHO, UNFCCC, IMO, ICAO, IOC/UNESCO 
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All WMO Members should have access to high 
quality forecast products 

 



Global observing system enhanced 
• Considerably enhanced observing network and delivery for global use => 

enhanced quality of forecasts worldwide 

• Also e.g. radar and lightning detection data freely exchanged (Resolution 40) 

 

 

 



Global Meteoalarm System operational 
 

• Global Meteoalarm coverage, support for NMHSs as safety authorities 

• High-impact weather, seasonal and El Nino/La Nina services for UN agencies 

 

 

 



Urban services 
• Air quality, disasters, climate adaptation 

 

 

 



WMO Global Atmoshere Watch supports 
implementation of Paris Agreement 



CONSTITUENT BODIES REFORM (CBR) 

WMO for the 21st Century 

2050 1873 

https://www.google.fi/imgres?imgurl=https://www.muhasebenews.com/wp-content/uploads/2017/04/worldin2050.jpg&imgrefurl=https://www.muhasebenews.com/en/the-world-in-2050-study-predicts-turkey-to-be-the-11th-largest-economy-by-2050/&docid=aj-wQohoBjdVIM&tbnid=xo3LdcylRwCHXM:&vet=1&w=750&h=450&bih=643&biw=1366&ved=2ahUKEwiyu--UraveAhWH_qQKHSA7ALcQxiAoA3oECAEQFA&iact=c&ictx=1


REFORM OBJECTIVES 

Effectiveness and efficiency 

Engagement 
of Members 
and Experts 

Agile and responsive  
to new challenges 

Seamless and 
integrated 
approach 

Earth System 
approach 

WMO 
acting as one 

Increase value 
 

for society 
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Future WMO: Integrated seamless Earth-system science and 
science for services approach 



WMO EC-70 
Geneva, 20-29 June 2018 

Objectives of CBR 

New WMO Strategic Operating Plan 



  Services  
  Commission 

ALIGNMENT OF WMO STRUCTURE 

Strategic Plan 
 

Long-term Goals 

Global Lead/Regional Expertise Executive Council 
Policy, Coordination, 
Integration, Foresight 

                Services 1 

  Infrastructure 
  Commission              Infrastructures 2 

  Research  
  Board   

              Science &  
   Innovations 3 

  Regional  
  Associations   

              Member 
    Services 4 

  
              Smart    
   Organization 5 

Policy Advisory Committee 

Scientific  
Advisory Panel 

    Established by EC-70 
    EC-70 Recommendations to Congress (intergovernmental) 
    EC-70 Recommendations to Congress for new science bodies (non-intergovernmental) 

  

  

  

  Technical Coordination 
  Committee 

  

  

+ Inter-agency coordination 
mechanisms 

More Strategic, Enhanced Services, 
 Optimal Support 



 
 
 
 
 
 
 
 
 

Long-Term Goal 5:  
Governance 

Alignment of WMO Structure 

Policy Advisory 
Committee  

Scientific 
Advisory Panel 

Policy, coordination, 
integration, foresight 

Long-Term  
Goal 1: Services 

Long-Term  
Goal 2: Systems 

Long-Term  
Goal 3: Science 

Strategic Plan Global lead/regional expertise 

Long-Term  
Goal 4: Capacity 

Regional 
Associations 

                         Technical 

Coordination  
Committee 

 

Commission for 
Services 

Commission for 
Infrastructures 

Research Board 

E-70C Recommendations to Congress 

Joint WMO-IOC 
Committee for 

Oceanography and 
Meteorology 

Established by EC-70 



Interactive Model for Science for Service 
Innovation 



ENHANCED COLLABORATION WITH PARTNERS 

Joint bodies 
Working arrangements 
Programmes/Projects 

More interaction and collaboration with  
partners from all relevant areas, e.g.: 

https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjanI_kpaveAhUGGuwKHVnfAPUQjRx6BAgBEAU&url=https://commons.wikimedia.org/wiki/File:Logo_The_World_Bank.svg&psig=AOvVaw1vgec6EmsAmTEbv12ycSSE&ust=1540890271380803
https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjootaqpqveAhUMCuwKHdL_DgMQjRx6BAgBEAU&url=https://de.wikipedia.org/wiki/Green_Climate_Fund&psig=AOvVaw3h4lGv1f_j3YOnLlI2qSWC&ust=1540890431665867
https://www.google.fi/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjTxsCep6veAhXNsaQKHbjfBHEQjRx6BAgBEAU&url=https://www.flickr.com/photos/unfccc/9917212873&psig=AOvVaw0AWugvGsfi8nWXx1t0BdFd&ust=1540890634639450


Thank you 
Merci 


