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Information sheet on stakeholder engagement and 
adaptation options for the urban case studies: Beirut Lebanon
Summary
Adaptation needs were classified under: (1) development necessities such as improved wastewater treatment, (2) technology transfer, namely monitoring, diagnostic and preventive tools, (3) heat warning systems, (4) human preparedness, and (5) more systematic data collection and better support for climate research. Also, current small (building-scale) reverse osmosis systems should be replaced with a larger (city-scale) system, to reduce per capita cost. Concomitantly, non-conventional water management alternatives, inter-sector collaboration and adaptive management options can enhance the city’s resilience to climate change.
1. Background
Beirut is a coastal city situated along the Eastern Mediterranean coast at 33.5°N and 35.5°E with a temperate to semi-arid climate (Figure 1). The Mediterranean region is considered one of the most responsive spots to climate change (Gualdi et al. 2011). The increase in mean seasonal surface air temperature in West Asia was projected by the IPCC (2007) to range between 1.26°C and 6.3°C over the period 2010-2099 for the B1 and A1FI scenarios (Cruz et al. 2007, Table 10.5). Thus, the heat-island phenomenon (due to absorbed solar radiation) could be aggravated in urban cities (Cruz et al. 2007). Being highly urbanized with a high population density and a semi-arid climate, the Greater Beirut Area (GBA) will likely be exposed to high temperature stress and heat waves. Projected temperature rise, and a higher frequency and intensity of heat waves, are expected to increase heat-related premature mortality and illnesses (Dessai 2003).
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Figure 1. Greater Beirut Area
Water resources in the Middle East region are relatively scarce with most countries dominated by arid and semi-arid land (El-Fadel and Maroun 2009). High population growth rates contribute to a low per capita supply of freshwater (ESCWA 2009). Concomitantly, income increase in some countries/societies have resulted in improved living standards with higher water demand and increased water deficit. Combined with pollution and salt water intrusion in coastal cities, this has become a limiting factor for sustainable development and poverty alleviation (ESCWA 2009).

In Lebanon, a considerable (20-30%) decrease in surface and groundwater quantities has been observed (Shaban 2008, 2009). For example, the discharge of the El-Kabir River which constitutes the border between Lebanon and Syria and encompasses the largest watershed along the Eastern Mediterranean has declined by 40% over the last 50 years, with about 50% of the precipitation being lost to evaporation (Shaban et al. 2005). Critical water issues in Lebanon and the Middle East region were identified early (Bou-Zeid and El-Fadel 2002) and are likely to exacerbate with climate change. Impacts on precipitation, runoff and recharge have been anticipated in most Middle Eastern countries, including Lebanon (World Bank 2009, MoE 2010). Accordingly, significant changes in hydrological regimes are expected in Lebanon resulting in earlier drought, less snowmelt floods, and greater rainfall floods.

The quality of drinking water, particularly in developing countries, is highly influenced by the hydrological system (McMichael et al. 2004). In fact, reduced precipitation, and a decrease in water availability, limit the dilution of pollutants and force the use of contaminated waters resulting in a significant increase in water-borne illnesses (Hashizume et al. 2007, Cruz et al. 2007). Extreme rainfall or snowmelt events could overload the weak and unprepared water and sewage infrastructure and cause water contamination. The rate of replication and survival of diarrhoea-causing bacteria and protozoa is usually positively correlated with temperature (Black and Lanata 1995). As such, the anticipated changes in climatic and hydrological parameters in Lebanon are expected to increase the levels of chemical and biological contaminant of water supplies and hence aggravate water-related morbidity. 

Finally, there is strong evidence that global sea level will rise at an increased rate (as a combined effect of thermal expansion of ocean water and the melting of land ice). Global sea level has been rising at a rate of 1.7mm/yr during the 20th century, and at a rate of 3mm/yr since 1993. However, regional and local sea level rise are not uniform worldwide (Bindoff et al. 2007). In particular, the Mediterranean Sea is expected to become saltier and rise by 3 to 61cm during the 21st century (Marcos and Tsimplis 2008). 
These consequences, combined with an anticipated reduction in groundwater level, could push the saltwater-freshwater interface further inland entailing additional saltwater intrusion of coastal aquifers in the GBA. This would result in higher groundwater salinity and a higher demand on its usage as a source for domestic purposes in highly urbanized areas. The GBA does not fall within high-risk regions of vector-borne diseases, such as malaria and dengue, which makes health climate change impacts imperceptible to non-expert stakeholders. However, Beirut already suffers from other stresses of no less importance such as high population and traffic congestion, poor water and sewage management systems, saltwater intrusion, and degraded water quality – all of which are expected to aggravate with climate change. In this context, three concerns are expected to become critical contributors to health insecurity under a changing climate: temperature rise, food- and water-borne diseases and increased salt water intrusion. In this information sheet adaptation options for water scarcity and health risks are considered.
Scarce water resources: adaptation options
Potential solutions to improve water resources management and availability in the GBA have been examined (Table 1) including desalination, wastewater reuse, roof taping, and surface water conveyance (e.g., the Awali-Beirut water conveyance project, which proposes the treatment and transfer of 520,000 m3/day to Beirut in two phases) and to build dams (e.g. Bisri, Janna, and Damour). While the health impact of water scarcity has not been addressed directly, health-based socio-economic assessments associated with poor sanitation and water quality have been reported to reach 0.15-3.35% of GDP (El-Fadel et al. 2003).
Table 1. Water adaptation strategies considered in the Beirut urban case study.

	Adaptation strategies
	Applicability/feasibility
	Challenges

	Relying on conventional water supply sources1
	Optimal only in the absence of 
constraints in the use of available 
sources 
(groundwater and surface water)1
	Supply sources are threatened by climate change 

Limited resources for expansion plans (Awali-Beirut conveyor, Bisri, Janna, and Damour dams, treatment plants, distribution networks)

	Combining seawater desalination and wastewater reclamation1
	Necessary when socio-environmental policy is considered1
	Desalination cost is high with respect to supply charges.

Social/religious constraints on wastewater reuse in buildings

	Applying rainwater harvesting (roof taping)1
	Becomes beneficial if the water charging scheme is modified to allow for more return, along with socio-environmental constraints 1
	Investment in installation of collection and distribution networks in buildings

	Expanding both conventional and non-conventional resources1
	Mandatory when tourist demand increases1
	All of the above

	Using treated surface water and desalinated seawater for urban potable uses, and untreated groundwater and reclaimed wastewater for non-potable uses2
	Wastewater reuse for non-potable supply is cost effective, even when the cost of non-potable water networks is included. 2
	Social/religious constraints on wastewater reuse in buildings

	Using desalinated seawater for potable supply, reclaimed water for groundwater recharge. Groundwater can then be used (untreated) to provide non-potable supply2 
	When taking into consideration the anticipated increase in demand and decrease in water availability due to climate change, this is an approach for meeting potable and non-potable demands.2 
	Wastewater treatment plant (secondary) may not be able to meet the stringent requirements for groundwater recharge (Ghadir and Bourj-Hammoud)


1 Yamout and El-Fadel (2005). consider wet season only. 2 Ray et al. (2010) consider wet and dry seasons.
Surface water response
Current water supply has an average Total Dissolved Solids (TDS) of 550mg/L (Korfali and Jurdi 2007), which is slightly above the 500mg/L limit set for Secondary Standards for drinking water. Under global warming conditions, higher seawater levels and lower river discharge rates (due to combined effects of lower precipitation, higher evaporation and increased water demand due to higher temperature) is likely to increase the salinity of surface water systems (Meuleman et al. 2007). While surface water supply can be considered potable at present, potential increases in salinity might necessitate desalination to avoid negative effects associated with high TDS (i.e. salty taste, corrosion, scale formation, staining and decreased efficiency of heaters, and increased soil salinity). 

Groundwater response

A hydro-chemical investigation performed in 2004-2005 revealed that the TDS value of pumped groundwater (supplying 28-53% of total domestic water) is mostly close to or above 500mg/L (Saadeh 2008a). About 22% of the tested wells had TDS values above 1,500 mg/L with high chloride concentrations, typical of saltwater intrusion. Most owners are already treating their water using small-scale reverse osmosis (RO) membranes to lower TDS values to acceptable limits. Because of the expected increase in groundwater salinity due to sea level rise, many wells that are currently delivering low salinity water (TDS<1,500 mg/L) will eventually become closer to or fall behind the freshwater-saltwater interface. Thus, regular freshwater RO membranes will have to be replaced by special brackish and saltwater membranes, rendering desalination inevitable.

Desalination options

Among all thermal and membrane desalination processes, multi-stage flash (MSF) and RO are the dominant technologies (Newcomb 2007, ESCWA 2001). The MSF is the most widely used process for desalination of seawater worldwide, and more specifically in the Gulf countries (ESCWA 2001). This is attributed to the robustness of MSF systems to the harsh desert conditions. In contrast, RO technology is more widespread in regions of relatively lower salinity waters (such as surface water and brackish groundwater, ESCWA 2001) and is currently considered the leading method under these conditions (Arroyo and Shirazi 2009). Considering that most of the water treated in Lebanon is far below seawater salinity level, RO is likely to be more appropriate for Beirut than thermal methods. Furthermore, RO plants need less space and can have lower installation and operating costs and energy demand than MSF (Newcomb 2007, Dore 2005, ESCWA 2001). 

The treatment cost of low-, medium- and high-salinity water, using small-scale systems is provided in Table 2. Given the anticipated increase in water salinity, shifting from low-TDS water treatment to medium- or high-salinity water desalination would increase the cost (per m3) by 1.7 and 5.3 times, respectively. In fact, seawater desalination costs as much as 3-4 times more than brackish water desalination (Dore 2005). For instance, RO desalination costs reported by Arroyo and Shirazi (2009) vary between 0.33 and 0.69 $/m3 for brackish water compared to 0.95-1.52 $/m3 (2009 equivalent) for seawater. Similarly, the RO system modeled by Dore (2005) give costs of 0.22-0.28 $/m3 for brackish water desalination versus 0.5-0.7 $/m3 (2004 equivalent) for seawater desalination. Hence, a significant economic burden is expected with aggravated saltwater intrusion and increased groundwater salinity. Economies of scale could be achieved by replacing small (building-scale) RO systems with a larger (city-scale) facility which can reduce desalination cost per capita by as much as 55% (Dore 2005) but this option is not being considered in the government’s strategy.
Table 2: Cost of desalination in Lebanon using small-scale systems (Dore 2005)
	Capacity

(m3/day)
	Influent TDS content 
(mg/L)
	Capital cost ($)
	Yearly depreciation
	Operational cost

($/day)
	Total cost

	
	
	
	
	
	$/day
	$/m3

	12
	Low-TDS (up to 1,500)
	8000
	10%
	5
	7.2
	0.600

	
	Medium-TDS (1,500-5000)
	12000
	15%
	7
	12.0
	1.000

	
	High-TDS (5000)
	35000
	25%
	14
	38.3
	3.192


Health and adaptation needs
Climate change is expected to impose serious health and water impacts which translate into a significant economic burden. Public awareness of such impacts is continuously increasing with recognition for the need of timely adaptation strategies, particularly in the context of health and water. Table 3 outlines general health and adaptation needs in the GBA.
Climate change can affect human health through different pathways. Health impacts are usually determined by empirical methods or through modeling of individual effects (McMichael et al. 2004). Unfortunately, statistical and modeling studies of health impact of climate change in the country (and the Middle East in general) are scarce and, whenever available, are spatially limited with multiple constraints, mainly data availability and reliability (El-Zein et al. 2004). Hence, a better understanding of relationships between climate variability and disease/mortality in the region is needed to be able to construct predictive models to guide public health interventions. In this context, it is important to recognize that the frequency and intensity of the health outcome can be affected by (Patz et al. 2000a, 2000b): (1) Moderating (vulnerability) influences, such as demographic change, standards of living, access to health care, and public health infrastructure; and (2) Adaptation measures, such as new vaccines, disease surveillance, monitoring, use of protective technologies (e.g., air conditioning, pesticides, water treatment), use of climate forecasts and development of weather warning systems, emergency management and disaster preparedness programs, and public education. 

On the other hand, in order to cope with water scarcity, the region continues to rely heavily on conventional water solutions such as building more dams and diversion canals, extracting more groundwater or tapping non-renewable fossil water (supply side management). Lebanon’s now “rolling” ten-year plan targets the construction of dams and lakes throughout the country alongside the diversion of much of the Litani river water through canals and tunnels for domestic and agricultural usage reaching various parts of the country, including Beirut (MoE 2010). Non-conventional options (e.g. rainwater harvesting, desalination, wastewater reclamation, virtual water trade), although shown to be very effective (El-Fadel and Maroun 2009), are still not being exploited adequately or considered in the government’s strategy. In the context of a coastal city like Beirut, the anticipated water shortages along with the expected rise in sea level and water salinity are likely to aggravate the economic burden of groundwater treatment considerably.
Table 3: Summary of health and water adaptation needs in the Greater Beirut Area.

	Health adaptation needs
	Water adaptation needs

	1. Development necessities, namely improved sanitation and hygiene.

2. Technology requirements, including monitoring and diagnostic tools and preventive technologies

3. Heat warning systems

4. Human preparedness, consisting of school and public education and extensive training for health care workers

5. Better support for climate research and monitoring
	1. Shifting to large desalination facilities

2. Wastewater reuse

3. Inter-sector collaboration

4. Adaptive management (i.e. virtual water trade)
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