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Observed temperature trends in the Eastern 
Mediterranean – Middle East (EMME)



Observed temperature trends 
compared to other regions



Temperature trends (land only) based on 
regional climate model ensembles

(relative to pre-industrial times, add another 0.8°C)



Summer mean temperatures in the reference period (1986–2005) 
(left) and changes based on RCP8.5 climate projections (right)



Probability density or relative risk distributions of annual 
temperature anomalies (relative to the 1986-2005 mean)



Precipitation trends (land only)



Winter mean precipitation in the reference period (1986–2005) 
(left) and changes based on RCP8.5 climate projections (right)



https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021RG000762 

https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2021RG000762


Heatwave magnitude index and heatwave categories that 
have occurred in the past decades

Observed and modeled mean daytime maximum temperatures 
in the MENA during the warm season (May–Sept) (left)

Warm season temperatures (1981-2010): land only









Business-as-usual will lead to super and ultra-extreme 
heatwaves in the Middle East and North Africa, to which 

hundreds of millions people will be exposed (up to 90% urban)



https://www.nature.com/articles/s41612-021-00178-7 

https://www.nature.com/articles/s41612-021-00178-7


Climate change 
health impacts



Health impacts of heat extremes in the MENA

Optimized relative risk functions for four subdomains within 
the MENA, accounting for temperature and relative humidity



Health impacts of heat extremes in the MENA
Additional annual heat-related mortality (per 100,000 population) for each country relative to 2001–2020



https://www.thelancet.com/journals/lanplh/article/
PIIS2542-5196(23)00045-1/fulltext 

https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(23)00045-1/fulltext
https://www.thelancet.com/journals/lanplh/article/PIIS2542-5196(23)00045-1/fulltext


Climate change impacts

Since 1980s the region has been warming faster than other inhabited 
parts of the world

GHG emissions are growing rapidly and contribute significantly to 
climate change (currently, the Middle East more than the EU)

Climate projections indicate the strongest warming in summer, with 
unprecedented heat extremes

Total precipitation will likely decrease in many regions, mainly in the 
eastern Mediterranean, and may increase in low latitudes

Sea level rise follows global mean (BaU ∼0.5–1m, more not excluded)

Socio-economic sectors can be critically affected (e.g., public health)





Air quality: which sources and processes can cause 
hazardous air pollution? What are the health impacts?





Annual mean fine particulate matter concentrations (PM2.5)
Note: WHO guideline is 5 µg/m3, previously 10 µg/m3



AQABA campaign ship track
AQABA is Air Quality and climate change in the Arabian Basin



Kommandor Iona
research and exploration vessel





Fine aerosol particle composition during AQABA campaign 
(PM1 <1 µm, finest particles penetrate deepest into lungs)





https://www.nature.com/articles/s43247-022-00514-6 

https://www.nature.com/articles/s43247-022-00514-6


Size of particles matters: fine particles penetrate deeply into the 
respiratory tract, and the smallest ones can translocate into the 
bloodstream and affect other organs



https://www.thelancet.com/journals/lancet/article/PIIS0140-
6736(24)00933-4/fulltext 

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(24)00933-4/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(24)00933-4/fulltext


per 100,000 population
per year



Air quality impacts

In the Middle East, air pollution levels are in permanent violation of 
public health guidelines

Hazardous fine particulate matter is mainly anthropogenic (>90%), 
and distinct from the less harmful, larger desert dust particles

Air pollution is of greater importance than other leading health risk 
factors, like tobacco smoking

In the Middle East, anthropogenic air pollution is a leading health risk 
and an important climatic factor

Reducing fossil fuel-related emissions has important co-benefits for 
air quality (health) and climate



Thank you
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