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Environmental modelling and forecasting, with a particular focus on 
weather, climate and air quality 



Climate and Air quality modelling 

From  the real world 
to models 

• Earth Observations 

• Physical processes modeled on 
a gridded Earth (Latitudinal, 
Longitudinal and Altitudinal) 

• Final model predictions 



Spatial scales 

Multi-scale 
models 

• Global 

• Regional 

• Local 



Temporal scales 

FORECAST PREDICTION PROJECTION DIAGNOSTIC 

Mineral Dust 

Air quality 

Meteorology 

Climate predictions 

Climate projections Climate projections 

Climate predictions 

● ● ● ● ● ● ● ● ● ● 



Predictability 

How can we predict climate for the coming season if we cannot 
predict the weather next week? 

 

Weather forecasts 

Climate predictions 

The forecasts are based in the initial conditions of 
the atmosphere, which is highly variable and 
develops a chaotic behaviour after a few days 
 

The predictions are based in the initial conditions 
of the sea surface temperature, snow cover or sea 
ice, which have a slow evolution that can range 
from few months to years 



The Earth System Services group 
facilitates technology transfer of 

state-of-the-art research from local, 
national and international levels 
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From Research to Services 
www.bsc.es/ess  

http://www.bsc.es/ess


From Research to Services 

● ● 

Climate 
Predictions 

Sand and Dust 
Storms Air Quality 

Services for different user sectors 

Research field 

Urban 
development 

Health 

Heavy 
industry 

Reneable 
energy 

Agriculture 

Insurance 

Water 
management 

Forest fires 

Solar 
Energy 

Aviation 

Health 
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From Research to Services 

Scientific 
user-driven  
research 

User  
engagement 

Users 

Industrial partners 

Administrations 

International  

organisations 

Research centres 

Meteorological  

Centers 

Participatory approaches  

Case studies for specific needs 



From Research to Services 



Research lines: 
Climate predictions 



Climate predictions for agriculture 

• Agriculture is one of the sectors that will be most impacted by current 
climate variability and future climate change 

 

• Having climate information in advance can help optimise decision-
making processes that will allow to minimise crop losses and 
preserve/enhance the quality of the final product 

https://www.med-gold.eu/


Climate predictions for agriculture 

Medium-term time scale Long-term time scale 

• When and where should we apply 
pesticides to control the olive fly 
pest in the next campaign? 

• Which will be the average 
productivity (olive yield) in a certain 
region in 10-20 years? 

• How many pest spray treatments 
are expected from the upcoming 
spring/summer season? 

• Will the variety that we plant 
today be able to continue to resist 
in the future? 
 

• What is the expected schedule for 
the application of fertilizers? 

• What new areas will be suitable 
for durum wheat cultivation in the 
next future? 

MANAGEMENT DECISIONS STRATEGIC DECISIONS 

https://www.med-gold.eu/
https://www.med-gold.eu/
https://www.med-gold.eu/


Climate predictions for water management 

• Floods and droughts cause huge social and economic damage. Their 
frequency and magnitude is likely to increase in the coming years as a 
result of climate change 

 

• Improving hydrological predictions will be useful for the management 
of  hydrological extremes and their impact on water reserves, 
agriculture and even forest fires 



Climate predictions for water management 

Category of drought observed in May 2017 in Europe (left) and prediction of the probability 
of moderate to exceptional drought in August 2017 (right). Source: Turco et al. (2017) 

 
Systems used had predictability with 4-5 months lead time 

DROUGHT PREDICTION 

Food production 
Water supply 

 



Climate predictions for water management 

EXTREME EVENTS PREDICTION (P) 

Extreme events 

Organic matter 
input from the 
watershed into 
water supply 

reservoirs 

Formation of 
disinfection 

bioproducts during 
water treatment  

Potential application of seasonal climate predictions for protecting the  
water supply ecosystem service through the management of water 

quality during extreme events 



Climate  predictions for wind energy 

www.bsc.es/ess/resilience  

• Effort in communicating probabilistic predictions to decision-makers from the 
wind energy sector 
 
• Joint development between scientists, a visualisation team and users 

http://www.bsc.es/ess/resilience


Climate predictions for the insurance sector 
www.seasonalhurricanepredictions.org   

Platform that brings together predictions 
from different centers that specialize in 
Atlantic hurricane forecasting 

http://www.seasonalhurricanepredictions.org/


Research lines: 
Sand and Dust Storms 



Mineral Dust Services 

Applications 

BSC hosts two WMO dust centers 

BSC Dust Daily Forecast  www.bsc.es/ess/bsc-dust-daily-forecast 

http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast
http://www.bsc.es/ess/bsc-dust-daily-forecast
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Research lines: 
Air Quality 



CALIOPE 
www.bsc.es/caliope/   

• Operational air quality forecasts for the next 48h for 
major regulated pollutants (NO2, SO2, O3, CO, PM10, 
PM2.5) – Europe, Spain, Catalonia 

• Meteorological model (WRF) + Emissions model 
(HERMES) + Chemistry model (CMAQ) + Dust transport 
model (BSC-Dream8bv2) 

Step further: make linkages with health impacts 

http://www.bsc.es/caliope/


Air quality forecast system for Mexico FD 

www.aire.cdmx.gob.mx    

• CALIOPE knowledge & technology transfer to the Secretary of Environment of 
Mexico FD (meteorological model + emissions model + air quality model) 

http://www.aire.cdmx.gob.mx/


CALIOPE urban 



Ecosystem services in urban environments 



THANK YOU! 

www.bsc.es 

marta.terrado@bsc.es 
albert.soret@bsc.es 



Synergies 

  Possible integration of climate/air quality services & ecosystem 
services at the medium-term management time scale? (seasonal, 
annual…) 
 
 There are studies that look at projections to estimate the provision of 
 climate services in 30-years time (more strategic decisions) 

 
 
 Do you think it would be helpful to have climate/air quality 
forecasts in advance to advice a decision-making that optimizes the 
provision of  particular ecosystem services? 
 
 



Temporal scales 


