
  

Forests, carbon and water in the 

Mediterranean Region 

Final Conference WADIS-MAR: World Day to combat Desertification 

University of Sassari,  June 16-17, 2016  

Giuseppe Scarascia-Mugnozza 
University of Tuscia, Viterbo 

European Forest Institute, Joensuu & Bruxelles 



Outline 

Carbon & Water: matter that matters! 

 

 

 

 

 

 

 

What should we expect in the future? 

The Carbon sink: the “engine” of the Earth 

 Mediterranean forests as crucial green infrastructures 

 Water as a controlling/limiting factor 

 Wise use of water for landscape restoration in arid regions 



 High biological diversity, 25,000 species of vascular plants 

 Impacts on the most strategic resources: water and soil 

 High relative importance of non-wood products and 
    non-market services 

Mediterranean forests: the most important 
ecological infrastructure of the region 

Their sustainability is threatened by climate and land 

use changes 

 



73 Mha of forest land: 77% in the Northern Med., only  
15% in the South and 8% in Eastern 

Forest abandonment (north) versus overexploitation (south) 

Private forests (north) versus public forests (south)  



Population on southern rim has almost doubled over the last 30 years 

Rapid population growth 

 
246 millions of tourists/year 

 



Forest abandonment (north) versus overexploitation (south) 

Private forests (north) versus public forests (south)  



Fate of Anthropogenic CO2 Emissions (2004-2013 average) 

Source: CDIAC; NOAA-ESRL; Houghton et al 2012; Giglio et al 2013; Le Quéré et al 2014; Global Carbon Budget 2014 

26% 

2.6±0.5 PgC/yr 

9.0±0.4  PgC/yr       91% 

+ 0.9±0.5  PgC/yr       9% 

2.9±0.8  PgC/yr  

29% 
Calculated as the residual 

of all other flux components 

4.3±0.1  PgC/yr  

44% 

http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.esrl.noaa.gov/gmd/ccgg/trends/
http://www.biogeosciences.net/9/5125/2012/bg-9-5125-2012.html
http://onlinelibrary.wiley.com/doi/10.1002/jgrg.20042/abstract
http://dx.doi.org/10.5194/essdd-7-521-2014
http://www.globalcarbonproject.org/carbonbudget/




NEE vs. latitude (Valentini et al. 2000)
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Mediterranean sites 

Boreal sites 

Mediterranean forests can be active C-sinks. 

Soil respiration is a key factor, still poorly known, 

mostly affected by temperature and, also, soil humidity 



Ecoystem 
Services: 
A hidden economy by 
50,000  Bln € a-1 

(from Millennium Ecosystems Assessment 2005 & FAO 2010) 

Water accounts for 20% of the 

total value of ES  



Biosphere acts on climate (Earth energy balance, hydrologic balance, 

atmospheric composition) thanks to its biochemical and 

biogeophysical cycles 

These complex, non-linear Biosphere-Atmosphere interactions may, 

either, mitigate or enhance in the future the impact of climate change  

Ecosystems effects on climate,  

at different scales in space/time 

(Bonan, Science 2008; Hungate & Hampton, Nature Climate Change 2012) 



Black arrows: cooling effects on climate 

Grey arrows:  heating effects on climate 

Climatic feedbacks 

(Chapin et al. Journal of Ecology 2009)  



Need to perform new and more advanced climate simulations specific for the 

Mediterranean Region 

(CMCC-EuroMediterranean Climate Change Center, 2013) 

Better resolved small-scale feature of the basin (orography land-sea contrast) 

CMIP3 CIRCE 

CIRCE Mediterranean climate simulation modelling 



RESULTS: Climate Change Projections 

Evaporation and E-P trends 2001-

2050 
(mm/day) 

year 
100 * 

Evap  trend   2001-2050     DJF 

Evap  trend   2001-2050     JJA 

E-P  trend   2001-2050     DJF 

E-P  trend   2001-2050     JJA 



Water scarcity threshold as considered by UN: less than 1,700 m3 yr-1 of fresh water per capita 

Scarcity of water resources in the Meiterranean region, 

already critical mainly in the Southern & Eastern rims, will 

even deteriorate because of climate change  

A careful, adaptive strategy of resource management, 

mainly water and soil, is badly needed, with an integrated 

approach at landscape scale  



Geo-engineering: plantation and minimal irrigation of trees and 
forests may cause a positive impact on regional climate (-4°/-8°C on 
mean air temperatures) 

Green dream  (ScienceNOW Daily News 2009) 
Green Great Wall (FAO 2015) 

(Ornstein et al., Climatic Change 2009) 



 

Phytotechnologies apply trees and shrubs to restore degraded environments 
and resources (i.e. soil and water); financed by Italian Cooperation and Italian 
Ministry of Environment 

In different sites, we are developing an integrated approach to reduce water pollution  (treating the 
waste water by constructed wetland) and to promote land rehabilitation  (planting trees according to a 
multipurpose scheme and local needs). 

PHYTOTECHNOLOGIES IN  SOUTH-MEDITERRANEAN  
(Algeria, Egypt, Morocco, Tunisia) 

Projects sponsors 

Université de 
Mascara 

Scientific & technical partners 



Water harvesting 



• Design and 
implementation of a 
recycling system of urban 
waste waters for fert-
irrigation of a 10 ha 
plantation of date palms 
along the Barrage Vert of 
Marrakech  

 

• Plantation of green 
infrastructures for soil 
protection and combating 
desertification 

Waste water recycling in Morocco  
(FAO Project GCP/RAB/013/ITA)  



OASIS OF BRÉZINA – ALGERIA       

 Critical consumption of groundwater 
caused by the increase of urban 
population and by the run-off reduction 
related to the upstream Seggueur Dam  

 Palm groves dieback 

 Dangerous ground-water contamination 
caused by waste water infiltration 



Oasis of Brezina (Algeria) – view of 
phyto-remediation ponds 



Oasis of Brezina (Algeria) 
Forest plantation with water flowing from phyto-remediation plant 

(Cupressus sempervirens, Elaeagnus angustifolia , Medicago arborea) 



Oasi of Brezina (Algeria) – the forest plantation at 
2nd year of growth 



Tamarix aphylla (var. erecta)  20 months after planting in the Yotvata 

site (Negev, Israel)  

Biomass production: 130 t/ha 

Drip irrigation: brakish water 

Sponsor: Italian Ministry of Environment 

Foto:  Amram Eshel – Università di Tel Aviv 



Suggestions & challenges for the future: 

 
 Water as a critical ecosystem service; forests will play a crucial 

role in soil protection, water production and climate mitigation; 

 Water resources highly limited, particularly in the Mediterranean 

basin;  

 Climate change will increase water use efficiency but also 

drought risk; 

 Phytotechnologies should be developed and implemented at 

regional scale with an integrated use and re-use of water 

resources (circular economy) and with more adapted forest (and 

agricultural) trees and crops, for landscape restoration; 

 Need for strong Euro-Mediterranean partnership and 

environmental cooperation, to develop green infrastructures and 

to protect water and soil; 

 Positive feedbacks also on social integration and on the 

Migration Compact! 

 



Thanks to you! 
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