
Global warming 

Biodiversity loss 

Air quality 

Fresh water 

Epidemic  
   diseases 

Deforestification 

Climate 
    change 

Food supplies 

Volcanoes 

Earthquakes 

Energy 

Chemicalisation 

Ocean acidification 

Background: Scope of Global Grand Challenges 

Demography / Population 



Grand Challenges:  
How to answer 

 clear and ambitious vision /  from deep understanding to practical solutions 
 empirical and experimental /  modelling and new theories 
 multidisciplinary (physics, chemistry, biology, meteorology, economy, social 

sciences etc) 
 from research to innovations; new SMEs 
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Kulmala et al., 2014, BER 



COBACC feedback loops: current interest in the upper branch 

COBACC feedback loops 



Global SMEAR – the integrated approach 
 

Currently  
Observations 
(see IPCC 2013) 
are fragmented 
into: 
 
1) Greenhouse 

gases 
2) Aerosols 
3) Air quality 
4) Ecosystems 
5) … 

 
We need an 
integrated 
approach! 

 



Observation for Climate and Air Quality, A Three-way Street:  
Satellites provide context, Ground-based provides details, & Models 

complete the picture 

Model Validation 
• Parameterizations 
• Climate Sensitivity 
• Underlying mechanisms 

CURRENT STATE 
• Initial Conditions 
• Assimilation 

frequent, global  
snapshots; 

aerosol amount &  
aerosol type maps,  

plume & layer heights 

space-time interpolation,  
calculation and prediction 

Satellites 

4D targeted chemical 
&  

microphysical detail 
point-location 

time series 

Models  

Ground-based 



PEEX (Pan Eurasian Experiment) 
2013 - 2033 (-2100) 

www.atm.helsinki/peex 
 PEEX region 

Station network,  Marine, Airborne, remote sensing, 
multiscale modelling, Supradisciplinary 



Silk Road Economic Belt and 
Maritime Silk Road 

 North 
 Central 
 South belts proposed 

 
 

Related activities: 
 Asian Infrastructure Investment Bank 

 China-led, lending for infrastructure projects 
 Silk Road Fund 

 Invest in businesses 

Focus on: 
 Economy 
 Infrastructure 
 Cultural exchanges 
 Trade 

Silk Road Economic Belt 
Two corridors from China to E  



Prof. Markku Kulmala 
University of Helsinki 
Department of Physics 
markku.kulmala@helsinki.fi 
 
Nature Comment 
Nature 526, 497–499 
(22 October 2015) 
doi:10.1038/526497a 

“Cleaning up city and indoor air will 
require a deeper 
understanding of the 
unprecedented chemical 
reactions between 
pollutants”, says Markku Kulmala. 
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